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PREFACE 


This bulletin is one of a series published by the New York Water 
Resources Commission (successor to the Water Power and Control Commission) 
containing the results of ground-water studies made by the U. S. Geological 
Survey in cooperation with the Commission. Previous reports in the series 
are listed on the back cover. The index map (fig. I-I) shows Saratog
 
County and the other areas in New York, exclusive of Long Island, for which 
reports have been published or where investigations are in progress. 


The investigation of the ground-water resources of Saratoga County 
was undertaken by the U. S. Geological Survey in 1946 in cooperation with 
the New York Water Power and Control Commission as a part of a syste
qtic 
survey of the ground-water resources of the State. By the end of 1948 the 
collection of data on selected wells throughout the county had been 
essentially completed. However, becaus
 of a shortage of personnel and 
the urgent need to complete studies underway in several other areas, work 
on the countywide study had to be suspended. 
In 1948, the Geological Survey began an investigation of the geology 
and ground-water resources of a small area surrounding the atomic-reactor 
research installation built near West Hilton in the southwestern part of 
the county by the U. S. Atomic Energy Commission. The first phase of this 
investigation was restricted essentially to the government-owned reservation 
of 4,000 acres. In 1952, the studies were extended at the request of the 
Atomic Energy Commission to include an inventory of wells from the hamlet 
of West Hilton to the village of Ballston Spa. 


In 1958 and 1959, the Geological Survey made an investigation of the 
ground-water resources in Saratoga National Historical Park and vicinity 
in the east-central part of the county at the request of the U. S. National 
Park Service. The investigation consisted of two phases; (I) a brief study 
of the different water-bearing deposits in the area, and (2) a study of the 
water-bearing characteristics of the surficial sand deposit that underlies 
the northeastern part of the park. 


Because of the rapid development of the county, and consequently the 
growing need for information on the ground-water resources, the principal 
results of the studies that have been made are brought together in t
is 
report. As soon as the availability of funds and other conditions permit, 
it is expected that additional field studies will be made and a compre- 
hensive report on the ground-water resources of the county will be prepared. 
In the meantime, this report should provide answers to many of the questions 
that arise from time to time concerning the occurrence and availability of 
ground water. 


This report is divided into three parts. Part' summarizes the 
geology, the ground-water resources, and the construction and other features 
of selected water wells and test holes in the county. Part II is a report 
on the ground-water resources of the West Hilton area, and Part III is a 
report on the ground-water resources of Saratoga National Historical Park 
and vicinity. 
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GROUND-WATER STUDIES IN SARATOGA COUNTY, NEW YORK 
By 


R. C. Heath, F. K. Mack, and J. A. Tannenbaum 


ABSTRACT 


Ground-water supplies adequate for domestic and farm needs and sma11 
,ndustries are available throughout Saratoga County in east central New 
York. The ground-water aquifers consist of unconsolidated deposits of 
till, sand, and gravel, and consolidated sandstone, shale, carbonate, ano 
crystalline rocks. Large supplies are available from some sand and grav
1 
aquifers that occupy parts of the large valleys. 


Till, an unsorted mixture of particles ranging in size from clay to 
boulders, is the principal unconsolidated deposit in the western two-thirds 
of the county. Small supplies of water are generally derived from large- 
diameter dug wells extending only a few feet below the water table. The 
depths of 98 dug wells, most of which draw from till, average 17 feet. 


Stratified deposits of sand and gravel underlie large areas in the 
eastern part of the county and parts of the stream valleys in the other 
areas. In the eastern part these deposits are predominantly a fine to 
coarse sand which is underlain by clay. In these deposits supplies of 
water adequate for domestic needs can generally be obtained from small- 
diameter driven wells. The depths of 36 driven wells average 20 feet. 
With proper development yields of over 30 gpm (gallons per minute) have 
been obtained. 


A special study was made of a thin sand deposit in Saratoga National 
Historical Park near the Hudson River. The deposit consists mainly of fine 
to coarse sand with a maximum thickness of 25 feet and occupies an area of 
about one-half square mile. Principal discharge from the deposit is a fTow 
of about 35 gpm from a spring developed at the contact with the underlyir
 
clay. A pumping test conducted on a 2-inch-diameter wel) equipped with c 
60-gauze screen 5 feet long jetted to a depth of 25 feet indicated a 
penmeability of 700 gpd/ft 2 (gallons per day per square foot) and a stor

e 
coefficient of 0.16, which indicates water-table conditions. In the fir!t 
4 minutes of the test the aquifer responded as an artesian aquifer, 
apparently in response to silty layers. 


The sand and gravel deposits in the stream valleys are capable of 
yielding as much as 800 gpm to a single screened well. Ground water in the 
valley of Kayaderosseras Creek near the reactor site at West Milton, in the 
southwestern part of the county, occurs under water-table and artesian 
conditions. The water-table aquifer is a layer of sand and gravel 25 feEt 
thick which yields 750 gpm to a well with horizontal collectors parallel to 
and 25 feet from the creek. The artesian aquifer is composed of sand an
 
some gravel 75 feet thick which is separated from the water-table aquifer 
by 25 feet of silt. The artesian aquifer has a transmissibility of 
125,000 gpd/ft 2 and a storage coefficient of about 0.0003. 
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Yields of 156 wells tapping the bedrock aquifers average 13 gpm. Nine 
wells in the Precambrian crystalline rocks occurring in the northw
st and 
northcentral part of the county yield an average of 6 gpm. Twelve wells in 
the Potsdam Sandstone and Theresa Dolomite, bordering the crystalline rocks, 
yield an average of 19 gpm. Twenty-five wells in the carbonate rocks which 
border the sandstone or, where they are absent, border the crystalline rocks 
yield an average of 31 gpm. One-hundred and ten wells in the shale that 
underlies most of the eastern and southern parts of the county yield an 
average of 9 gpm. 


The report contains maps of the principal unconsolidated deposits and 
bedrock formations in the county together with records of several hundred 
selected wells. 
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PART I 


SUMMARY OF GROUND-WATER CONDITIONS IN SARATOGA COUNTY 


By 
Ra1ph C. Heath 
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PART I 


SUMMARY OF GROUND-WATER CONDITIONS IN SARATOGA COUNTY 


By Ralph C. Heath 


INTRODUCTION 


The investigation of the ground-water resources of Saratoga County was 
begun in 1948 by the U. S. Geological Survey in cooperation with the State 
Water Resources Commission. The initial phase of the investigation 
consisted of the collection of records of the depth, diameter, yield, and 
other features of several hundred wells relatively evenly spaced over the 
county. Some of these records together with records of some of the wells 
for which information was collected during the course of detailed stu
ies 
made for the U. S. Atomic Energy Commission and the U. S. National Park 
Service are contained in table 1-3. The text includes a brief discussion 
of the geology and ground-water resources of the county. Illustratio
s 
show the locations of wells and test holes for which data are include
 and 
the type of unconsolidated deposit
 and type of bedrock underlying ea
h 
part of the county. 


Most of the data on wells and test holes on which this report is based 
were collected from well drillers and well owners by Harry Wilson and 
V. Ho Rockefeller. The collection of the records was supervised by M. l. 
Brashears, Jr., and E. S. Asselstine. The report was prepared under the 
supervision of G. C. Taylor, Jr., formerly district geologist. 


Saratoga County is in the east-central part of New York. The co'mties 
surrounding it are Warren County on the north, Washington and Rensselaer 
Counties on the east, Albany and Schenectady Counties on the south, and 
Fulton and Hamilton Counties on the west. The northeastern and eastern. 
boundaries of the county are formed by the Hudson River and the south
astern 
boundary is formed by the Mohawk River. The county contains 814 square 
miles and has a maximum length (north-south) of about 44 miles and a maximum 
width (east

est) of about 28 miles. The population of the county according 
to the 1960 census was 88,134. Most of the population is concentrate
 in 
the lowlands adjacent to the Hudson and Mohawk Rivers in the eastern and 
southern parts of the county. The northwestern part of the county extends 
into the Adirondack Mountains and is relatively thinly populated. 


Well-Location System 


The locations of the wells and test holes for which records are con- 
tained in this report are shown in figures 1-5, 11-4, and III-I. The wells 
and test holes are numbered serially in the order in which the records were 
collected. Each well number in Saratoga County is preceded by the symbol 
"Sa. 1f However, the prefix has been omitted from the well numbers on the 
we11-location maps because al1 wel1s are in Saratoga County. As an aid 
in locating wells in New York State, meridians of longitude at IS-minute 
intervals are lettered consecutively from west to east, beginning wi th "All 
for meridian 79 0 45', and ending with "Z" for meridian 73 0 30'. Similarly, 
paral1e1s of 1atitude are numbered at IS-minute intervals from north to 
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south beginning with "1" for parallel 45°00' and ending with "17" for para11e1 
41°00'. Intersections of the coordinates form points from which the location 
of an individual well can be described by distance and direction. All well 
and test-hole locations in Saratoga County are referred to the intersections 
of coordinates 8 (1at 43°15 1 ) or 9 (Iat 43°00 1 ) and X (long 74°00') or Y 
(long 73°45'). The distance in miles and the direction from one of these 
intersections are given in the "Location" column in table 1-3. For example, 
well Sa I (8Y, 3.6N, 7.3E) can be found by locating the point where lines "8" 
and "y" intersect and measuring 3.6 miles north and 7.3 miles east. 
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Figure I-l.--Map of New York, exclusive of long Island, 
showing location of Saratoga County 
and status of ground-water investigations. 
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Figure 1-2.--Map of Saratoga County showing areas in which 
ground-water investigations have been made. 
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GEOLOGY AND GROUND WATER 


Saratoga County is underlain by two distinctly different types of "rock. 11 
Most of the surface is composed of a layer of unconsolidated deposits (also 
erroneously termed "soil") ranging in thickness from a few feet on some hills 
to more than 100 feet in parts of the lowlands adjacent to the Hudson and 
Mohawk Rivers. The layer of unconsolidated deposits is underlain every place 
in the county by consolidated rocks (also termed "bedrock") thousan1s of 
feet thick. Where the unconsolidated deposits are absent consolidated rocks 
form the surface. Both the unconsolidated deposits and the consolidated 
rocks are divisible into several different units. The subdivision of either 
may be based, depending on the objective of a particular study, on several 
different criteria. For instance, the rocks underlying most areas are of 
different ages and in certain geologic studies the principal subdivision is 
based on age. In other studies, as for example in studies of the o
currence 
and availability of ground water, unconsolidated deposits are generally sub- 
divided on the basis of grain size and degree of sorting, and consolidated 
rocks are subdivided on the basis of type of openings and mineral composition. 


From the standpoint of the availability of ground water, the unconsoli- 
dated deposits in Saratoga County are divided into (I) nonstratifie
 deposits 
(till), (2) coarse-grained stratified deposits (sand and gravel), and (3) 
fine-grained stratified deposits (silt and clay). The geologic and water- 
bearing characteristics of each of these are described in the section titled 
"Unconso I i da ted Depos i ts. II 


Also from the standpoint of the availability of ground water, the con- 
solidated rocks in Saratoga County are divided into (I) crystalline rocks, 
(2) sandstone, '(3) carbonate rocks (J imestone and dolomi te), and (4) shale. 
The geologic and water-bearing characteristics of each of these are described 
in the section titled "Consolidated Rocks." 


The following discussions of the water-bearing characteristics of the 
different rock units in Saratoga County are based on records of selected 
water wells and test holes. These records are tabulated in table 1-3. The 
locations of the wells are shown in figures 1-5, 11-4, and III-I. 


Unconsolidated Deposits 


Most of the veneer of unconsolidated deposits in Saratoga County was 
laid down by sheets of ice thousands of feet thick that invaded the area 
from the north several times during the last million years. The last ice 
sheet to cover the county may have existed as recently as 10,000 to 15,000 
years ago. As the ice sheets advanced over the county they carried soil and 
rock debris (some of which was derived from areas considerably north of the 
co
nty and some from the rocks within the county). Some of the soil and 
rock debris was deposited, both during the advance of the ice and d
'ring its 
retreat (melting), as a blanket of unsort
d material called "till." This 
blanket of till exists today on most hills and in some lowland areas, 
relatively 1ittle altered by weathering or other geologic processes. In 
some stream valleys in the northwestern part of the county and in m1st of 
the lowlands adjacent to the Hudson and Mohawk Rivers, the blanket of till 
was reworked by streams carrying water derived from the melting ice sheet. 
The material reworked by the streams was deposited in strata (layers) in and 
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adjacent to the channels and in lakes into which the streams flowed. W

re 
the stream velocities were high, predominantly large grains were deposited, 
forming layers referred to as a coarse-grained stratified deposit or, mc're 
simply, as sand and gravel. Where the velocities were relatively low, c
 
in the lakes, small grains were deposited, forming layers referred to as a 
fine-grained stratified deposit or, more simply, as clay and silt. 


A soils map of Saratoga County (Maxon, 1919) forms the basis for 
figure 1-3, a generalized map of the unconsolidated deposits. The soils 
map was modified on the basis of data obtained during the well survey ar1 
after comparison with glacial maps of Stoller (1911, 1916, 1
18). The 
deposits in the West Milton area were mapped by Simpson and Mack (Mack and 
others, fig. 4), and are shown in figure 11-5. 


Ground water occurs in unconsolidated deposits in the pore spaces 
between the grains. The amount of water stored in a given volume (for 
instance, in one cubic foot of material) depends on the porosity - or t
'
 
percent of the total volume occupied by pores. Porosity depends largely 
on the degree of sorting and the shape of the grains composing a deposit. 
Thus, those parts of the sand and gravel deposits which are composed largely 
of rounded grains of about the same diameter have a porosity of 25 to 35 
percent. On the other hand, till, which consists of a mixture of rock 
particles of widely different shapes and sizes, has a porosity of 5 to 15 
percent. 


However, the mere presence of' water in the pore spaces of a deposit is 
no assurance that the water can be withdrawn through wells. The ability of 
a deposit to transmit water is termed "permeability" and is dependent 0" 
size, shape, and interconnection of the pores and other openings. Because 
the smaller particles in till effectively fill the openings that would 
otherwise exist between the larger particles, the permeability of till is 
relatively low. On the other hand, a uniformly grained sand and gravel 
deposit has a high permeability. Permeability is usually expressed 
quantitatively as the number of gallons a day that will flow through a 
square foot of material under a hydraulic gradient of 100 percent. The 
permeability of a well-compacted till may be as low as 0.0002 gpd/ft 2 w
ile 
many sand and gravel deposits have permeabilities of more than 1,000 gpd/ft 2 . 


Till 


Till is the principal unconsolidated deposit in the western two-thirds 
of the county (fig. 1-3). It also underlies a large area between Sarato
a 
lake and the Hudson River. Small unmapped exposures of consolidated rocks 
occur at numerous places, particularly on the steeper hillsides in the 
northwestern part of the county, in the areas shown in figure 1-3 as being 
underlain by ti1l. Till which is 10cal1y referred to as "hardpan" consists 
chiefly of an unsorted mixture of rock particles ranging in diameter fro
 
less than 0.0001 inch (clay) to several feet (boulders). At places the 
till encloses thin lenses of well-sorted sand. The till penetrated by w
lls 
I isted in table 1-3 ranges in thickness from zero at bedrock outcrops to 
about 70 feet in well Sa 243. Well Sa 1028T penetrated till from the 
surface to a depth of 65 feet and from 160 feet to 218 feet. The till was 
separated between depths of 65 and 160 feet by clay and sand. 
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Because of the low permeability of till, water in quantities ad
quate 
for household needs can be obtained only from large-diameter wells. 
Normally wells drawing from till are dug with hand tools and are finished 
with a curbing of stone laid with open joints. The average depth of the 98 dug 
wells listed in table 1-3 that draw water from till, is 17 feet. Th
se 
wells range in depth from 5 to 70 feet (table 1-1). The large diameter of 
such wells provides a large area through which water can percolate into the 
well and a large volume for the storage of water between periods of use. 
The yields of dug wells vary widely. The more productive wells prob
bly 
derive water largely from thin sand lenses in the till. Most wells drawing 
from till will yield only a few hundred gallons of water a day. The yield 
of many wells in till declines drastically during the late summer an
 early 
fallowing to the seasonal decline of the water table. During those summers 
when precipitation is deficient many wells in till go dry entirely. Deep. 
ening such wells would, in many cases, provide sufficient water to see the 
owner through the dry period. The only solution in other cases is to 
develop an additional source of supply (for example, by constructing a 
drilled well into the underlying consolidated rock). 


Table I-I.--Depths of water wells 


Water-bearing Common type Depth (feet) Number 
material of well Average Shallowest Deepest of wells 
Till Dug 17 5 70 98 
Sand Driven 20 6 31 36 
Sand and gravel Drilled 80 17 145 25 
Bedrock Drilled 176 23 675 62 


Sand and Gravel 


Stratified deposits of sand and gravel underlie large areas in the 
eastern part of the county. They also underlie parts of the stream valleys 
in other parts of the county (fig. 1-3). These deposits are predominantly 
a fine to coarse sand. However, in places, particularly in the lower part 
of the deposit in the Hudson lowland and in some stream valleys, layers of 
fine to coarse gravel are present. Sieve analyses showing the perce
t dis- 
tribution of particles of various sizes are shown in figures I 1-6 an
 111-7. 
The sand and gravel is underlain in most of the eastern part of the county 
by clay. (See the following discussion of clay and silt.) In the r
mainder 
of the county the coarse-grained stratified deposits probably are u

erlain 
principally by till although in some areas they may rest directly or bedro
k. 


In parts of the Hudson lowland sand and gravel underlies the clay and 
silt as shown by the section exposed in a sand and gravel pit a few hundred 
feet west of U. S. Highway 4,2 miles north of Stillwater (fig. III
I). A 
geologic section of the pit is given in the discussion entitled "Sar
 and 
Gravel" in Part II I. The sand and gravel deposit underlying the c1c
 is not 
believed to be extensive. Therefore, unless otherwise indicated, tb
 sand. 
and gravel deposits described here and shown in figure 1-3 are the sand and 
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EXPLANATION 



' . .,:.:.
::': ::I 
SAND AND GRAVEL 
Chiefly sand but includes some gravel.Small 
isolated deposits not shown. Yields moderate 
to large supplies of water. 


r- - -=-= 1 
CLAY AND SILT 
Yields water) if at all, only to large-diameter 
we" s . 


I I 
TILL 
Chiefly an unsorted mixture of rock fragments 
ranging in diameter from smoll fractions of 
an inch to several feet.lncludes thin sand Ie n s e s in 
places. Bedrock outcrops are common but are not shown. 
Yields small supplies of water to large-diameter wells. 


SCALE 
I '12 0 
I"""'""""'" 
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Figure 1-3.--Map of Saratoga County showing principal types of unconsolidated deposits. 




gravel deposits which are exposed at the present land surface and which may 
be appropriately termed "surficial deposits." 


The thickest section of sand and gravel known to have been penetrated 
in the county is 120 feet in well Sa 506. In most places the deposit is 
less than 50 feet thick; the average thickness is probably about 25 feet. 


The sand and gravel is the most productive source of ground water in 
the county. Where the deposit consists chiefly of sand, supplies of water 
adequate for domestic needs can generally be obtained from driven wells as 
small as lk inches in diameter and equipped with a screened drive point. 
Such wells, properly developed, will yield from 5 to 10 gpm (gallons per 
minute) or more. Larger diameter wells will yield proportionately more 
water. The average depth of 36 driven wells listed in table 1-3 is 20 feet. 
These wells range in depth from 6 to 31 feet (table I-I). (Additional 
discussion of the water-bearing characteristics of the surficial sand 
deposit that underlies the eastern part of the county is contained in 
Pa r t I II . ) 


Where the deposit contains layers of gravel, supplies of several 
hundred gallons per minute can be obtained from properly developed drilled 
wells. The average depth of 25 drilled wells drawing from sand and gravel 
deposits (table 1-3) is 80 feet and range in depth is from 17 feet to 145 
feet (table 1-1). (See the discussion of the stratified deposits under- 
lying the valley of Kayaderosseras Creek in Part II.) 


The development of water supplies from the coarser-grained stratified 
deposits in much of the lowland adjacent to the Hudson River presents 
certain problems, because the deposits consist largely of thin layers of 
coarse to medium sand alternating with layers of silt and fine sand. Chief 
among these problems is the development required to obtain the maximum 
yield. In the process of driving a well the screen is enveloped in a 
mixture of material ranging in grain size from silt to coarse sand. As 
this mixture is relatively impermeable the yield of the well when first 
driven is rather low, in some cases only a fraction of a gallon per minute. 
The yield of the well can generally be increased substantially by alter- 
nately pumping water into the well under high pressure and pumping water 
from the well to remove fine material from the area surrounding the scre
n. 
The procedure used to develop test wells drilled in the Saratoga National 
Historical Park is described in Part III. 


Clay and Silt 


Fine-grained stratified deposits consisting chiefly of clay but also 
containing some silt underlie relatively extensive areas in the eastern 
part of the county (fig. 1-3). These deposits were laid down in lakes th:tt 
occupied the area in the closing stages of the "ice age. 1I In figure 11..1.. 
they are referred to as "lake-bottom deposits. 11 These deposits almost 
invariably underlie the surficial layer of sand and gravel and thus are 
exposed in many places where the overlying sand and gravel has been remo,'ed 
by erosion. In addition, the clay and silt underlies areas, such as that 
in the western part of the Saratoga National Historical Park, which appear 
neve r to have been cove red by sand or sand and g rave I . 1 n mos t places tt'
 
clay and silt rests directly on till or on bedrock. In other places, 
probably of small extent, the clay and sitt is underlain by sand and gravel. 
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The clay and silt is, for all practical purposes, impermeable and thus 
will not yield water in usable quantities. In a few places wells have been 
dug through several feet of sand and into the underlying clay to d
pths of 
5 to 10 feet (well Sa 21). Most of the water drawn from such wells doubt- 
less is derived from a thin,saturated zone in the lower part of th
 sand. 
The hole in the clay serves primarily as a reservoir between periorls of use. 


From the standpoint of ground water the clay serves as an imp
rmeable 
bottom for the overlying sand and gravel. It also serves as an impermeable 
cover for the underlying deposits. As a result, the water in the underlying 
deposits occurs under artesian conditions. This does not mean that wells 
drilled through the clay and into the underlying till or bedrock will flow 
at the surface. According to the current definition, water under 
rtesian 
conditions need only rise to a level above the bottom of the clay (the 
confining bed). However, in some of the lower areas, for instance along 
parts of the vall
ys of the small streams flowing into the Hudson River, 
water from wells drilled into water-bearing deposits beneath the clay will 
flow at the surface. 


Consolidated Rocks 


The consolidated rocks 
nderlying the unconsolidated deposits in 
Saratoga County are divided on the basis of type of opening and mineral 
composition into (I) crystalline rocks, (2) sandstone, (3) carbonate rocks, 
and (4) shale. It may be noted that this subdivision is also consis.tent 
from the standpoint of age, the crystalline rocks being the oldest and the 
shale being the youngest. In contrast to the unconsolidated deposits, none 
of which are more than I million years old and most of which are probably 
only 10,000 to 15,000 years old, the age of the consolidated rocks is almost 
beyond comprehension. The oldest, the crystalline rocks, are of Precambrian 
age and thus, are at least SID million years old and may be much older. The 
youngest consolidated rocks, the shales, are of Ordovician age and, thus, 
are at least 350 million years old. The areas underlain by the different 
types of consolidated rocks are shown in figure 1-4. 


Ground water occurs in the consolidated rocks in a completely different 
type of opening from that present in the unconsolidated deposits. In the 
consolidated rocks pore spaces are either completely absent or, if present, 
are not interconnected and, thus, do not contribute to any signifir.ant 
extent in the storage and movement of water. Ground water occurs in the 
consolidated rocks in three different types of openings. These ar
 (I) 
faults, (2) joints, and (3) bedding planes. Faults are breaks alor
 which 
the rocks on the two sides have been displaced relative to each otl'
r. 
Faults are relatively abundant in Saratoga County and at most plac
s form 
the contact between the rock units shown in figure 1-4. Other faults occur 
within the same rock unit. Along most of the faults the rocks to the south- 
east were displaced downward relative to the rocks to the northwest. The 
amount of the displacement varies at diffefent places along the sa

 fault 
and from fault to fault. However, displacements of a few hundred feet are 
not uncommon. One of the consequences of faulting from the standpoint of 
ground water is that deep wells only a few hundred feet apart may r
netrate 
entirely different types of rock. In places along faults, the rocl"s may be so 
shattered that wells penetrating these zones will have substantially greater 
yields than wells penetrating oth
r parts of the bedrock. 
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KEY TO GEOLOGIC M
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(See list of references at end of repart) 
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Figure 1-4.--Map of Saratoga County showing distribution of consolidated rocks. 




Joints are breaks (fractures) in the consol idated rocks along whict' no 
displacement has occurred. The spacing of joints ranges from several ir'
hes 
to many feet. The joints trend in various directions and dip at steep 
angles. Although the openings along joints are generally minute they, 
nevertheless, playa significant role in the yield of wells drawing from 
the consolidated rocks. The opening developed along a joint is generally 
largest near the top of the rock. The size of the opening decreases with 
depth and in most rocks probably becomes insignificatn at depths of 200 to 
300 feet. Dri II ing below those depths wi II not increase the yield of tt,
 
well in most cases. 


Bedding planes, as the name implies, are planes which separate individual 
layers or beds. Obviously, such planes exist only in a layered (stratified) 
rock. Thus, they occur in the sandstone, carbonate rocks, and shale units 
shown in figure 1-4 but not in the crystalline rocks. The beds, and tha.s 
the bedding planes, in the sandstone, carbonate rocks, and in the shale in 
the south-central part of the county dip at low angles away from the 
crystalline rocks except where the dip of the beds has been affected by 
faulting. In the eastern part of the county, on the other hand, the beds 
comprising the shale are tightly folded. Throughout a large part of th
 
area the folds are overturned toward the west. As a result, the beddinp 
planes generally dip toward the east at rather steep angles (Cushing and 
Ruedemann, 1914, p. 102). From the standpoint of ground water, openingr 
developed along bedding planes play an important role in the movement of 
water. 


Crystalline Rocks 


Crystalline rocks directly underlie the unconsolidated deposits in 
most of the northwestern part of the county and in a large area in the 
north-central part, north of the city of Saratoga Springs (fig. 1-4). In 
the remainder of the county they underlie the younger consolidated rockr. 
The crystalline rocks are composed of several different types of metamorphic 
and igneous rocks. The metamorphic rocks include schist, quartzite, gneiss, 
and limestone (marble). The igneous rocks include granite, anorthosite, 
syenite, and gabbro. In most places the metamorphic and igneous rocks 
re 
intimately intermingled. 


Water is obtained from the crystalline rocks from drilled wells thrt 
penetrate them to depths of 150 to 200 feet. The depth of 62 of the drilled 
wells in bedrock I isted in table 1-3 averages 176 feet and ranges from 23 
feet to 675 feet (table 1-1). Wells drawing from crystalline rocks, as well 
as from the other bedrock units, are generally cased to the top of rock and 
left uncased from the top of rock to the bottom of the well. The yield of 
these wells depends on the number and size of the joints and other openings 
penetrated. Yields were reported for nine of the wells drawing from 
crystalline rocks listed in table 1-3. The yield of these ranged from I to 
20 gpm and averaged about 5 gpm (table 1-2). 


Sandstone 


The crystalline rocks are partly bordered (fig. 1-4) by a rock con
 
sisting largely of sandstone but containing, in the upper par
, interbe
ded 
layers of dolomite. The rocks here referred to as "sandstone" include the 
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Potsdam Sandstone and Theresa Dolomite (Cushing and Ruedemann, 191
). The 
thickness of the unit is rather irregular but is believed to range from 
about 200 feet to about 400 feet. The sandstone overlies crystalline rocks 
and is in turn overlain by cqrbonate rocks. 


Yields are reported for 12 of the wells drawing from sandstone listed 
in table 1-3. The yield of these wells ranges from 2 to 100 gpm an
 averages 
about 20 gpm (table 1-2). 


Table 1-2.--Yield of we II s in bed ro ck 
Yield ( g pm) Numb 
 r 
Range of 
Water-bearing formation Average low High wells 
Shale 10 0.5 80 110 
Carbonate rocks 30 I 300 25 
Sandstone 20 2 100 12 
Crystalline rocks 5 I 20 9 
All bedrock combined 14- 0.5 300 15
 


Carbonate Rocks 


A series of carbonate rocks partially border the sandstone rocks on the 
south and, where the sandstone rocks are absent, they border the crystalline 
rocks (fig. 1-4). The carbonate rocks consist largely of dolomite although 
parts of the series are composed of limestone. These rocks have be
n sub- 
divided into several formations on the basis of differences in geologic age 
and composition. The formation names applied to the rocks, from th
 oldest 
to the youngest, are Hoyt limestone, Little Falls Dolomite, (Gallor Dolomite 
of Fisher and Hanson, 1951), Amsterdam limestone, and Glens Falls Limestone. 
All of these formations are not present.every place in the area indicated in 
figure 1-4 as being underlain by carbonate rocks. In much of the area of 
outcrop the younger beds have been removed by erosion. The presenc
 of 
numerous faults and other factors makes determination of thicknesse
 difficult. 
The unit is probably 300 to 400 feet thick In most places and possibly as 
much as 700 feet thick at some places. The carbonate rocks overlie the sand- 
stone and are overlain in turn by shale. 


Yields are reported for 25 of the wells drawing from carbonate rocks 
listed in table 1-3. The yield of these wells ranges from 1 to 300 gpm and 
averages about 30 gpm (table 1-2). 


No discussion of the occurrence of ground water in Saratoga County would 
be complete without mentioning the highly mineralized water that made Saratoga 
Springs and Ballston Spa famous. The "mineral" water is discussed in con- 
siderable detail by Kemp (1912). The water occurs principally in the Gailor 
Dolomite of Fisher and Hanson (1951) and apparently originates in the eastern 
part of Saratoga County and also possibly in the western part of Washington 
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and Rensselaer Counties. The water at Saratoga Springs appears to be 
controlled by the Saratoga fault. East of the fault the dolomite is over- 
lain by shale which prevents upward seepage of the water. Movement of 
water across the fault is prevented by the presence of impermeable 
crystal I ine rocks which lie opposite the Gailor Dolomite of Fisher and 
Hanson (1951) on the west side of the fault. The origin of the water is 
not known. However, the presence of abundant carbon dioxide and the high 
concentration of chloride, bromide, iodide, fluoride, and sodium carbonate 
suggest an igneous origin (Kemp, 1912, p. 48-64). 


Shale 


Most of the eastern and southern parts of the county (fig. 1-4) are 
underlain by a thick section of consolidated rocks consisting largely cf 
shale interbedded with thin layers of sandstone. These rocks have been 
subdivided into the following formations: Normanskill Shale, Snake Hill 
Formation, Canajoharie Shale, and Schenectady Formation. The thickness of 
the shale ranges from a few hundred feet near the contact with the limestone 
to considerably more than 1,000 feet in the southern part of the county. 


Yields are reported for 110 of the wells drawing from shale liste
 in 
table 1-3. The yield of these wells ranges from 0.5 to 80 gpm and averages 
about 10 gpm (table 1-2). 
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Figure 1-5.--Hap of Saratoga County showing the location of selected wells and test holes. 
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PART II 


GEOLOGY AND GROUND-WATER RESOURCES OF THE 


WEST MILTON AREA 


By Frederick K. Mack 


INTRODUCTION 


In 1948, the United States Government acquired approximately 4,OOC 
acres of land in the West Milton area of Saratoga County as a site for a 
reactor research installation of the Atomic Energy Commission. The 
installation is an adjunct of the Knolls Atomic Power Laboratory at 
Schenectady. 


Use of the site for reactor research has presented certain geologic 
and hydrologic problems. Among these have been: 


I. The availability of water to supply the installation. 


2. The foundation conditions that would be encountered in the 
construction of buildings. 


3. The suitability of the area for the disposal of radioactive 
wastes. 


4. The location of gravel for use in road building and other 
construction work. 


At the request of the Schenectady Operations Office, U. S. Atomic 
Energy Commission, studies of these problems were undertaken by the Water 
Resources Division of the U. S. Geological Survey. Many of the geologic and 
ground-water studies for this investigation were carried out by E. S. Simpson 
of the U. S. Geological Survey during the years 1949-54. Some addition
1 
field work was done during the years 1955-57 by the author and other 
personnel of the Albany office of the Ground Water Branch. 


This part of the report on ground-water studies in Saratoga-County 
consists of a brief description of those results of the investigation that 
are of general interest to residents of the county. A more complete report 
on the geology and hydrology of the area (Mack, Pauszek, and Crippen) is now 
in preparation for publication in the series of Water-Supply Papers of the 
U. S. Geological Survey. 


Acknowledgments 
J. G. Broughton, State geologist; D. W. Fisher, State paleontologist; 
and other geologists of the Geological Survey, New York State Museum an
 
Science Service, provided valuable assistance and advice regarding the 
geology of the area. The Bureau of Soil Mechanics, New York State Department 
of Public Works, made seismic surveys to determine the depth to bedrock at 
24 sites in the area. Well data were furnished by: Stewart Brothers, 
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Schenectady, N. Y.; B. Uhlinger, Amsterdam, N. Y.; Ro G. Voehringer, Ballston 
Spa, N. Y.; and R. E. Chapman Co., Oakdale, Mass. 


Data from six programs of test-well and test-hole drilling at locations 
on the government reservation have been util ized and freely drawn upon in the 
preparation of this report. These programs, which were carried out for the 
Atomic Energy Commission, include drilling by (I) the Corps of Engineers, 
U. S. Army, in 1948; (2) Raymond Concrete Pile Company in 1950; (3) Pennsylvania 
Drilling Company, Pittsburgh, Pa., in 1952; (4) Stewart Brothers, Schenectady, 
N. Y., in 1955 and 1956; and (5) R. E. Chapman Company, Oakdale, M
ss., in 1957. 


Land owners and other individuals in the area furnished data regarding 
their wells and water supplies. 


GEOGRAPHY 


Loca t i on 


The West Milton area is in the southwestern part of Saratoga County 
(fig. 1-2). As used in this report, the area consists of a government-owned 
reservation of 4,000 acres and the adjoining area (fig. 11-4). Th
 area 
generally lies between latitude 43 0 00 ' N. and 43 0 05 1 N. and longitude 73 0 5S I W. 
and 74°00.W. It is located about 17 miles north of the city of Schenectady 
and about 9 miles southwest of the city of Saratoga Springs. Ballston Spa, 
a small incorporated village, is located in the southeastern corner of the 
a rea. 


Topography and Drainage 


The West Milton area consists of a series of irregular northeast-trending 
topographic steps which extend in a southeasterly direction from the 
Kayaderosseras Range, a group of low hills that separate the Adiro,dack 
Mountains on the northwest from the Hudson lowland on the southeast. The 
steps are generally less than a mile wide and become progressively higher 
toward the Kayaderosseras Range. They appear to be controlled, at least in 
part, by a series of normal faults that parallel the front of the range. The 
positions of these faults can be seen in figure 1-4 and in figure I I-I. The 
surface of each step is marked by low rounded northeast-southwest elongated 
hills most of which are composed of unconsolidated deposits. Where Glowegee 
Creek, Crook Brook, and other streams draining the area crosS the scarps 
separating the different steps, their valleys are relatively narro t ", and 
steep sided. On the steps, stream valleys are generally broad and less well 
defined. 


Altitudes in the area range from about 400 feet above sea lev
1 along 
Kayaderosseras Creek to about 900 feet along the southeast flank of the 
Kayaderosseras Range. The steepest slopes in the area are generally found 
along the southeast side of the hills that border the scarps. tn places, 
local relief is as much as 50 feet in the horizontal distance of 100 feet. 


The area is drained by Glowegee Creek and Crook Brook, tributaries of 
Kayaderosseras Creek. The major streams draining the area are sha
n in 
figure 11-4. Kayaderosseras Creek heads about 12 miles north of W
st Milton 
(fig. 1-3) and flows in a southerly direction generally parallel to the 
Kayaderosseras Range. Near West Milton, it turns and flows in an easterly 
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direction for a distance of about 10 miles where it empties into Sarato
a 
lake. The overflow of Saratoga lake passes through Fish Creek into the 
Hudson River. 


GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES 


Rock formations underlying the West Milton area are of two major 
types: (I) conso 1 i da ted rocks wh i ch range- in age from P re-camb r i an to 
Ordovician, and (2) unconsolidated deposits of Pleistocene and Recent age. 
The distribution of the bedrock formations in the area is shown in figure II-I. 
These rocks underlie the entire area and crop out on some steep hillsides and 
in some stream valleys. They are covered by the unconsolidated deposits in 
the remainder of the area. The unconsolidated deposits range in thickness 
from a few feet in the lower parts of some stream valleys to more than 200 
feet in a buried valley that crosses the eastern part of the government- 
owned reservation. The unconsol idated deposi ts in an area centered aro
,md 
the reservation are shown in figure 11-5. 


Consolidated Rocks 


The consolidated rocks underlying the West Hilton area may be divided 
into two groups; (1) metamorphosed rocks of Precambrian age, and (2) un- 
metamorphosed rocks of Paleozoic age. The older, the metamorphosed rocks 
of Precambrian age, are made up of gneiss, schist, quartzite, and limestone 
(marble) of sedimentary origin, and syenite and granite of igneous origin 
(Cushing and Ruedemann, 1914, p. 16 and 17). These rocks are referred to 
as crystalline rocks in Part I and in figure 1-4. The Paleozoic rocks 
likewise consist of several types including sandstone, dolomite and lim
- 
stone (carbonate rocks), and shale. Brief descriptions of the consolidated 
rocks are given in Part I and in table II-I. 


Structure 


The West Milton area is located in a region of major faulting which 
extends from south of the Mohawk River northeastward along the southeastern 
border of the Adirondack Mountains. All the major faults in this regio
 
are of the normal type with displacements ranging from about 100 feet to 
more than 1,500 feet. In all cases, the area west of each fault moved 
upward relative to the area east of the fault. Generally the faults strike 
northeast and have steep angles of dip. The age of the faults is not 
precisely known but they are ancient and probably sealed in many places by 
secondary mineralization; 


The two most prominent faults in the West Milton area, the East Galway 
fault and the West Galway fault, are branches of the well-known Hoffman
 
Ferry fault. This fault has been traced for 40 miles through the regio
 
from Hoffmans, on the Mohawk River, to Fort Ann, about 10 miles northeast 
of South Glens Falls. Movements along the East Galway, West Galway, ann 
the Rock City Falls faults have resulted in the distinctive outcrop pattern 
shown in figure 11-1. Some of the more prominent faults in the county are 
shown in figure 1-4. 
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Bedrock Topography 


Previous work on the topography of the bedrock surface in the area was 
done by Cush i ng and Ruedemann (1914, p. 12 and 13, and accompany ins' geo log i c 
map) during their investigation of the geology of the Saratoga and Schuyler- 
ville quadrangles. On the basis of topographic evidence and data from 
bedrock outcrops, they concluded that the northern part of Kayaderc
seras 
Creek follows the valley of a preglacial stream which drained a muc.h larger 
part of the southeastern Adirondack Mountains! than Kayaderosseras Creek 
now drains. Because this valley in the West Milton area is filled with 
unconsolidated materials which were deposited during the Pleistocer
 Epoch, 
Cushing and Ruedemann were unable to determine its exact location. However, 
they indicated on their geologic map that the valley curves to a sc".therly 
direction about 2 miles northwest of Middle Grove (fig. 1-3) and pc
ses 
about I mile east of West Milton. 


The present investigation of the bedrock topography of the arE-,
 
utilized data obtained from (1) bedrock mapping, (2) wells and test holes, 
and (3) seismic studies. These data are summarized in figures I I-
 and 11-3 
which show the altitude of the top of bedrock in the West Milton-Rc
k City 
Falls area. The configuration of the bedrock surface in the area is 
irregular - probably more irregular than the land surface. The cor tours on 
the bedrock surface in figure 11-2 are generalized owing to the lac.k of 
detailed data and therefore they do not reflect minor irregularitie
 in the 
bedrock surface. This is substantiated by figure 11-3 which shows that the 
top of the bedrock in the vicinity of the sphere 11 is actually corsiderably 
more irregular than would be suggested by the contours in figure 11-2. 
Total relief of the bedrock surface in the area shown in figure I 1
2 is at 
least 450 feet and may'be as much as 550 feet. A comparison of th
 contours 
on the land surface with those on the top of the bedrock shows that the 
character of the underlying bedrock surface cannot be predicted on the basis 
of the land-surface topography alone. 


Figure 11-2 shows that the bedrock surface."in the northwesterr part of 
the West Milton-Rock City Falls area declines relatively steeply along a 
northeast-southwest trending scarp from an altitude of about 650 fe
t to an 
altitude of about 450 feet. A comparison of the geologic map in figure II-I 
with figure 11-2 shows that this scarp coincides with the East Gal
f
y fault. 
Southeast of the scarp, the principal irregularities appear to be valleys 
which were eroded into the bedrock in preglacial or glacial time. 


Section B-BI of figure 11-2 shows that one of these valleys cr
sses 
Armer Road in a north-south direction about I mile south of Hatch Fridge. 
The data available on the extent of this valley and on the configuration of 
the bedrock surface in the eastern part of the area are not sufficient to 
indicate whether the valley is a continuation of the preglacial valley 
followed by Kayaderosseras Creek north of Middle Grove or merely a tributary 
to it. It is doubtful on the basis of its relatively narrow width, that 
this valley was cut by a large stream such as would be required to drain the 
southeastern part of the Adirondack Mountains. Therefore, it is probable 


!/ The sphere, the most conspicuous landmark in the area, is a steel 
shell 225 feet in diameter constructed by the Atomic Energy Commis!ion to 
house atomic reactors. 
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EXPLANATION 
o Well or 'n' hole 'ho' pene'rates bedrock (320) Altitude of bottom of well or 'es' hole 
. Well or tesl hole that boHoms in unconsolidated deposits 5 0853 Number assigned to well or test hole In table 1-3. 
X Seismic shot-point used by U.S. Geological Survey -........ Contour showing configuration of top of bedrock. Dotted where 
+ Seismic shot-point used by N. Y. State Bureou of Soil Mechanics position is assumed. Interval Is 50 feet. Datum Is meonseo level. 
flZD Bedroak outcrop -------- Contour sllo..lng configuration of land surface. Interval is N 
(250) AUilude of top 01 bedrock 100feet. Datum Is mean sea level. t 
SCALE 
'0 ,0 0 , . . 
 oo FEET 


Altitude, In feet,obove 
mean sea level 


Figure 


11-2.--Hap of the West Hilton-Rock City Falls area 
showing the altitude of the top of bedrock. 
(after Hack and others, fig. 4) 
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that this valley was cut by a tributary to the preglacial stream describAd 
by Cushing and Ruedemann. 


Figure 11-2 shows that the valley described above is joined about I 
mile northwest of the hamlet of West Milton by a small tributary valley 
which extends in an east-west direction a few hundred feet north of the 
sphere. This valley, where crossed by section A-A' of figure 11-2 is 
relatively narrow and is entrenched to a depth of about 100 feet in bedrock. 
Figure 11-3 which is based on test-hole data, shows that the axis of this 
valley is located approximately 500 feet north of the sphere and that thA 
surface of bedrock at the sphere slopes downward to the north toward the 
axis of the valley. The western extent of this valley has not been determined. 


Water-bearing Characteristics 


Where the consolidated rocks are not exposed at the surface, they 
underlie the area at depths ranging from less than a foot near outcrops to 
more than 200 feet near the eastern end of the buried valley west of Kay- 
aderosseras Creek. All these rocks are dense and compact, and the movemAnt 
and storage of ground water in them are controlled by joints, faults, anrl 
other openings. 


The spacing of these openings is irregular, ranging from a few inchAs 
to several feet. Except for joints in limestones and other soluble rock
 
which have been enlarged by solution, openings along joints are generall
t 
less than 0.1 inch wide. 


The locations of selected wells in the area that draw from consolid
ted 
rocks are shown in figure 11-4. No wells in the area are known to draw 
water from the crystalline rocks exposed along the West Galway fault. 
(See figure II-I.) However, records of wells drawing from these rocks in 
other parts of the county indicate that their yield averages only about 
6 gpm (table 1-2). Similarly, no wells in the area tap the Potsdam Sand- 
stone but records of wells in other parts of the county indicate a yield of 
about 10 gpm. (See table II-I.) Only one well shown in figure 11-4, well 
Sa 271, taps the Galway Formation of Clarke (1910) but the yield of the "f
11 
was not reported. The yield of the other wells in the county tapping this 
formation is about 20 gpm. Although the Galway Formation is predominantly 
dolomite along the contact with the younger formations shown in figure II-I, 
the yields of wells tapping it have been included with the sandstone in 
table 1-2. This was done because the sandy character of the formation a
 a 
whole serves to distinguish it from the overlying generally sand-free 
jolomites and limestones. The relatively thick section of carbonate rocks, 
including the Gailor Dolomite of Fisher and Hanson (1951), and Trenton, 
Amsterdam, and Lowville Limestones, are the most productive bedrock form- 
ations in the area. The relatively high yield of these formations, which 
averages about 31 gpm (table 1-2) is doubtless due principally to the 
enlargement of joints and other openings through solution. 


The Canajoharie Shale, which underlies more than 50 percent of the 
area, supplies water to several wells. The yield of these wells ranges 
from less than 5 gpm to about 50 gpm and averages about 7 gpm. The yielrl 
of wells drawing from the shale in the county as a whole averages about 
9 gpm (table 1-2). Several of the test holes drilled to determine found
- 
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tion conditions and to locate a water supply for the Atomic Energy Commission 
penetrated the shale. The deepest of these, test hole Sa 528T, passed 
through approximately 500 feet of the formation before penetrating the under- 
lying limestone. At a depth of 580 feet, the hole was test pumped for 7 hours 
at a rate of about 17 gpm with a drawdown of 250 feet. The hole was again 
test pumped at a depth of 675 feet without any detectable increase in yield. 
Although the yield of test hole Sa 528T was not determined until it reached 
a depth of 580 feet, probably most, if not all, of the water produced by the 
well was derived from the upper part of the shale. 


Unconsolidated Deposits 


Figure 11-5 shows the character of the unconsolidated deposits in a 
small part of the area centered around the government-owned reservation. 
The principal types of unconsolidated deposits underlying the remainder of 
the area are shown in figure 1-3. 


Several types of unconsolidated deposits overlie the consolidated 
rocks in the West Milton area (fig. 11-5). These deposits range in thick- 
ness from zero, in places where bedrock crops out, to more than 200 fe
t 
beneath the hills west of Kayaderosseras Creek. The average thickness of 
the deposits in the area is on the order of 50 feet or more. The uncon- 
solidated deposits can be subdivided into: (1) till - an unstratified 
mixture of rock particles ranging in size from clay to boulders; (2) kames - 
irregularly stratified deposits consisting of alternating layers of sand 
and gravel; (3) flood-plain deposits - generally horizontal imperfectly 
stratified layers of clay, silt, and fine sand; (4) lake-bottom deposits - 
horizontally stratified layers of clay, silt, and fine sand; and (5) 
deltas - relatively homogeneous deposits of fine to coarse sand. The flood- 
plain deposits and lake-bottom deposits are collectively referred to a
 
clay and silt in Part I and in figure 1-3. The kames and deltas are a part 
of the deposits referred to in Part I as sand and gravel. Figure 11-6 is a 
graph showing the particle size distribution in samples collected from some 
of these deposits. 


The relative position and the thickness of each of the different 
unconsolidated deposits underlying the West Milton area are shown on tl'
 
two generalized sections in figure 11-5. Many of the data for these 
sections were obtained from test-well drilling programs conducted in tl'
 
vicinity of Glowegee and Kayaderosseras Creeks. Detailed geologic sections 
of the materials penetrated by the test wells are shown in figures 11-7 
and 11-8. As may be observed from the sections in figure 11-5, the der
sits 
were laid down in a more or less regular sequence. The lowennost, and thus 
the oldest, consists predominantly of a relatively thick section of firq- 
grained (lake-bottom) sediments which overlie bedrock in the buried vaTley 
near the sphere and in the valley of Kayaderosseras Creek. Between lay
rs 
of these fine-grained deposits is a mass of sediments composed of medium to 
coarse sand containing some gravel. These coarser sediments (which con'prise 
the artesian aquifer shown in figure 11-7) appear to have formed as a 
qlta 
in the same lake in which the finer-grained lake-bottom deposits accumulated. 
In the valley of Kayaderosseras Creek the lake-bottom deposits are ovarlain 
by approximately 25 feet of coarse-grained flood-plain deposits. West of 
the creek valley, the lake-bottom deposits are overlain by till. Near the 
sphere. this till directly overlies bedrock. The till is in turn overTain 
by a second series of lake-bottom deposits at the reactor site and by kames 
in several other parts of the area. 
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Figure 11-5.-
ap and geologic sections showing unconsolidated 
deposits In a part of the West Milton area. 
(after Mack and others, fig. 6) 
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Figure 11-6.--log-normal graphs showing particle-size 
distribution of samples of till, kame, 
lake-bottom, and deltaic deposits. 


Water-bearing Characteristics 


Water occurs in the unconsolidated deposits in the pore spaces 
between individual grains. The porosity, or percentage of the total 
volume occupied by pores, differs widely among the different unconsoli

ted 
deposits. The till has the lowest porosity of any of the deposits in the 
area. On the basis of porosity detenminations made in other areas. it 
appears safe to assume that the porosity of the till ranges from about 5 
percent to about 15 percent. The porosity of the other deposits doubtTess 
varies widely depending on the degree of sorting. The porosity of there 
deposits generally ranges from as little as 20 percent to as much as 4r 
percent. 


The permeability of the unconsolidated deposits, and consequently the 
yield of wells tapping the deposits, is largely dependent on the size 
f 
the interconnected openings. The till, lake-bottom, and flood-plain 
deposits contain a relatively high proportion of silt and clay. Thus, the 
interconnected openings in these deposits are generally small and the 
permeability of the deposits is law. Most wells drawing from these 
deposits are large-diameter dug wells which provide a large area for tt''!\ 
infiltration of water and a large volume for storage. The kame and deTtaic 
deposits, on the other hand, are composed of fairly well-sorted and co
rse- 
grained materials. Both of these deposits are capable of yielding mod
rate 
to large quantities of water to properly developed, screened wells. 
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Relatively large yields also may be obtained from the flood-plain 
deposits from specially constructed wells. The initial water supply of the 
Atomic Energy Commission installation in the West Milton area was o
tained 
from well Sa 843 (fig. 11-9). This well, which is located about 25 feet 
west of Kayaderosseras Creek, draws from the flood-plain deposits and has 
been pumped at a rate of 750 gpm for extended periods of time. 


The deltaic deposit in the valley of Kayaderosseras Creek comprises the 
most productive aquifer in the area. Studies of this deposit show that it is 
capable of yielding as much as 800 gpm to a single screened well. A relatively 
detailed discussion of these studies and of the water-bearing chara
teristics 
of the deposit is contained in the section entitled "Occurrence of ground water 
in the valley of Kayaderosseras Creek. II 


Water in the unconsolidated deposits occurs principally under water- 
table conditions although in parts of the Kayaderosseras Creek valley (and 
possibly in other areas where sand and gravel deposits are overlain by lake- 
bottom deposits, till, and other relatively impermeable sediments) the water 
is under artesian conditions. The water in the deltaic deposits in the 
valley of Kayaderosseras Creek is, for instance, under sufficient pressure 
to rise to a height of as much as 12 feet above land surface. 


In most of the West Milton area, ground water in unconsolidated deposits 
probably moves parallel to the topographic slope. However, exceptions to 
this may occur in the buried valleys which have been described in the section 
on bedrock topography. The relationship of these valleys to ground-water 
movement is described in the following sections. 


Springs are relatively abundant in the area and some are used as sources 
of supply. The springs are situated on hillsides or in valley areas and 
appear to rise from sand and gravel at contacts with underlying less 
permeable deposits. 


OCCURRENCE OF GROUND WATER IN THE VALLEY OF KAYADEROSSERAS CREEK 


An important phase of the studies in the West Hilton area was concerned 
with the development of a water supply for the reactor Installation. 
Although all these studies were made at sites on the government-own
d reser- 
vation, some of the results are applicable to other parts of the area and, to 
a lesser extent, to other parts of the county. The principal results of the 
studies are described in the following sections. A more complete discussion 
will apPear in a report now in preparation. 


The valley of Kayaderosseras Creek near the confluence of Crook Brook is 
underlain by a section of unconsolidated deposits approximately 125 feet thick 
(fig. 11-7). The upper 25 feet of the deposits consist of interbedded fine to 
coarse sand and a few thin layers of gravel. In the Interva1 from 25 to 50 
feet below the surface the materials are prin
tpally silt with a f

 layers of 
fine to coarse sand and, principally toward the western margin of the valley, 
some clay. In the interval from 50 to about 100 feet below the surface the 
unconsolidated deposits consist of medium to coarse sand and a few layers of 
gravel. (See graphic log for wells Sa 847 and Sa 848 in section A-AI in 
figure 11-7.) The character of the lowenmost unconsolidated deposits on the 
flood plain of the creek is known from only two wells, Sa 1025T and Sa 1027T. 
In well Sa 1025T the deposits appeared to be till whereas in well Sa 1027T 
they appeared to be interbedded clay and sand. 
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Figure 11-9.--Map showing the 1ocation of the supply we11s and test 
ho1es in the vicinity of Kayaderosseras Creek. 
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There are two distinct aquifers in the deposits underlying th
 valley 
of Kayaderosseras Creek. The vertical limits of these aquifers are shown in 
figure 11-7. As may be seen from the figure, the upper 25 feet of the deposits 
constitutes a water-table aquifer in which the top of the zone of saturation, 
the water table, is free to rise and fall in response to changes in recharge 
and drainage. In wells Sa 847T and Sa 848T the deposits below a depth of 
about 50 feet comprise an artesian aquifer of unknown thickness. In this 
aquifer, the water is confined by the overlying relatively impermeable beds 
and the zone of saturation does not change in thickness. The development of 
water supplies from each of these aquifers by the Atomic Energy Co
ission is 
discussed in the following sections. 


Water-table Aquifer 
From 1951 to 1958, the entire water supply for the reactor site was 
obtained from well Sa 843, which is located about 25 feet from Kayaderosseras 
Creek and consists of a sump 5 feet wide, 8 feet long, and 25 feet deep and 
two horizontal laterals 36 inches in diameter. One latera) is 20 feet long 
and extends from the sump toward Kayaderosseras Creek. The other is lOa feet 
long and extends southward from the sump, parallel to Kayaderosseras Creek. 
The longer lateral consists of perforated corrugated metal pipe surrounded on 
the sides and bottom by 18 inches of coarse gravel and overlain by 6 feet of 
coarse gravel. It is not known whether the shorter lateral is also enclosed 
in a gravel envelope. After construction of the sump and laterals, a low 
mound was built around the sump to protect the pump house from the floods of 
Kayaderosseras Creek. Thus, the depth below land surface of the laterals 
ranges from about 19 feet at the sump to about 10 feet beyond the 
und. The 
centerline of the laterals is about 5 feet below the bottom of Kayaderosseras 
Creek. Two pumps, one rated at 750 gpm and the other at 500 gpm, are installed 
on the well. The switching mechanism of the pumps is arranged so that only one 
can be operated at a time. Under normal operations, the smaller pump cuts on 
first and remains on until the use of water exceeds the yield of th
 pump. At 
this point, the switching mechanism cuts on the larger pump and cuts off the 
smaller pump. 


The maximum yield of this well varies with the level of Kayaderosseras 
Creek. The specific capacity of the well is about lIS gpm per foot of draw- 
down. During periods of drought when the creek level would be at an altitude 
of about 400 feet (measured adjacent to the well), drawdown available in the 
well is about 6 feet and the yield is about 700 gpm. During periods of 
average, fair-weather flow creek level is at an altitude of about 
Ol feet 
and the yield of the well is about 800 gpm (Winslow, J. D., 1961, written 
communication). It is interesting to note that the static water le'#el in 
well Sa 843 is lower than creek level as measured adjacent to the well whereas 
normally the static water level in the well would be expected to eq'.al or to 
be higher than the level of the creek. This discrepancy is explain
d by the 
fact that the lOa-foot long horizontal lateral extends downstream to a point 
where creek level is more than a foot lower.than it is adjacent to the sump. 


The water level in well Sa 843 is affected principally by pumping from 
the well and by changes in the stages of Kayaderosseras Creek and Crook Brook. 
The effect of pumping on the water level is shown by the hydrograph of wel} 
Sa 843 in figure 11-10. Periods of pumping at rates of both 750 gp' and 
500 gpm are shown. As may be seen from the graph, the well generally was 
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Figure II-IO.--Graphs showing the water level and discharge of 
well Sa 848T, water levels in wells Sa 843 and 
Sa l029T, and the stage of Kayadero
seras Creek 
during the pumping test of December 1956-Janu
ry 1957. 
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pumped continuously for a period of 6 hours and was idle for about 2 hours. 
A study of the records for the well collected during periods when there was 
a long interval between pumping cycles shows that the 750 gpm pump produces 
a drawdown of 7 to 9 feet. Between periods of pumping at a rate of 750 gpm, 
the water level in the well was able to recover only about 4t feet before 
the pump was turned on again. The 500 gpm pump, on the other hand, draws 
the water level in the well down.3 to 4 feet. Because the water l
vel did 
not fully recover while the pump was off, the drawdowns produced b)' the 
pumping cannot be determined from well Sa 843. 


The effect of pumping from well Sa 843 on the ground-water le,'el in the 
adjacent flood-plain deposits is about 0.5 foot at well Sa 849T (location 
shown in figure 11-9) when well Sa 843 is pumped at a rate of 500 
pm. The 
water level in well Sa 849T responds almost immediately to the pumping. 
This indicates that the flood-plain deposits respond to short-period 
fluctuations as though the water in the aquifer was under artesian condi- 
tions. This condition probably stems, at least in part, from the fact that 
the deposits in the upper few feet of the aquifer are somewhat fin
r than 
the deposits in the middle and lower portions. The upper layer acts as a 
confining bed when the water Jevel is lowered quickly but in all other 
respects the aquifer responds as a water-table aquifer. 


The stage of Kayaderosseras Creek at well Sa 843 is shown in figure 
11-10. It may be observed from the figure that the pumping level of well 
Sa 843 ranges from about 3 feet below creek level when the 500 gpm pump is 
operating to about 7 or 8 feet when the 750 gpm pump is operating. Under 
the normal pumping sC.hedule, the water level in the well does not I'
ve 
sufficient time to rise to its static level during the brief periorls when 
the pumps are off. Thus, during periods of pumping, a relatively fteep 
gradient exists between the creek and the well, and water moves from the 
creek to the-well. An indication of the extent to which Kayaderos
eras 
Creek and, possibly Crook Brook, (fig. 11-9) contributes water to "fell 
Sa 843 is shown in figure 11-11 by the graphs of daily mean air te
oerature 
at the reactor site, minimum daily temperatures of the water in Karadeross- 
eras Creek 2 miles downstream from well Sa 843, and weekly measure
nts of 
the water temperature in well Sa 843 and Sa 849T. It may be seen from the 
figure that the temperature of the water in Kayaderosseras Creek rAnges 
from 32 0 F to about 7S o F and the temperature of the water from well Sa 843 
ranges from 43 0 F to about 61 0 F. The temperature of well Sa 849T, 'ffhich 
taps a part of the water-table aquifer that is not affected by KaYAdeross- 
eras Creek, ranged from 4S.5 0 F to 48°F during the period shown in figure 
11-11. The relatively wide range in the temperature of water from well 
Sa 843 indicates that the water from the well is a mixture of water from 
Kayaderosseras Creek, possibly Crook Brook, and the water-table aquifer. 
The proportion of the water derived from each source cannot be estimated 
from the data presently available. 


Figure 11-11 also illustrates that the temperature of the wat
r in 
Kayaderosseras Creek, as would be expected, closely coincides with the 
daily mean air temperature (with the exception, of course, for air temp- 
eratures below 32 0 F). The temperature of the ground water as measured in 
well Sa 849T averages a few degrees above the mean annual air tempr.rature, 
which based on 60 years of record at Greenfield Center, about 7 miles 
northeast of the well site, is about 4S.60F. 
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Figure 11-11.--Graphs showing the temperature of water in Kayaderosser
s 
Creek and in wells Sa 843 and Sa 949T in the West 
Milton area, and air temperature at the reactor site. 
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Artesian Aquifer 


The artesian aquifer underlying the valley of Kayaderosseras Creek 
consists of a medium to coarse sand interbedded with a few layers of gravel. 
(See figure 11-7.) The top of this aquifer is about 50 feet bel
' land 
surface. The two aquifers are separated by about 25 feet of silt containing 
some fine to coarse sand and clay. Because the artesian aquifer c
s not 
crop out at the surface, information concerning it has been obtair
d from 
samples collected during test drilling and from two pumping tests. Three 
supply wells now draw from this aquifer most of the water used by the reactor 
ins ta II at i on. 


Data obtained during the construction of test wells Sa 848T-

 852T and 
Sa 1025T-Sa 1028T (fig. 11-7 and 11-9) show that this aquifer und
rlies a 
large part of the flood plain of Kayaderosseras Creek near the corfluence of 
Crook Brook. The actual extent of the deposits comprising the aquifer cannot 
be determined from the data available. However, data obtained during the 
drilling of test wells Sa 844T and Sa 1028T indicate that the depc
its become 
thinner west of the flood plain of Kayaderosseras Creek and appare
tly inter- 
finger with lacustrine silts and clays. Data from test well Sa 1(25T also 
indicate that the deposits thin or become finer toward the north. It should 
be noted, however, that this well was drilled near the western sic
 of the 
flood plain and approximately 500 feet west of the creek. Well Sc 1030, 
which was drilled closer to the creek, penetrated a much thicker section of 
coarse-grained deposits. Nothing is known regarding the character and extent 
of the aquifer east of the creek. However, the analysis of data collected 
during the pumping test in April 1956 indicates that the coarse deltaic 
deposits may extend for a considerable distance east of the creek. The 
deposits appear to thin toward the south (fig. 11-7) although they may extend 
for a considerable distance south of test well Sa 1027T. 


As may be seen from the position of the piezometric surface in figure 
11-7, the artesian pressure at some locations is 
ufficient to raise the 
water to a height of at least 12 feet above the (and surface. Two pumping 
tests, one in April 1956, and the other in December 1956-January 1957, were 
performed to determine the water-bearing characteristics of the acp,dfer. 
During the two tests, well Sa 848T was pumped and the effect of t

 pumping 
on the artesian and water-table aquifers was determined by measuring the 
depth to water in observation wells. Analysis of the data collected during 
these tests showed the transmissibility of the aquifer to be about 125,000 
gpd/ft and the storage coefficient to be about 0.0003.11 (A discussion of 
methods used to analyze pumping-test data is included in the section on 
"Quantitative Studies" in Part III of this report.) 


11 An investigation of the yield of the West Milton well field was made 
in 1960, after the preparation of this report. The results of this later 
investigation place the maximum yield of w
lls Sa 848, Sa 1030, and Sa 1031, 
under drought conditions, at 925 gpm, 550 gpm, and 1,000 gpm, resp
ctively, 
with drawdowns of 44 feet, 40 feet, and 47 feet, respectively (Winslow, J. D., 
1961, written communication). In each case the pumping level in the wells 
would be at the top of the artesian aquifer. 
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During the second and most significant of the two pumping tests, 
well Sa 848T was pumped at a rate of 750 gpm for 7 days. Graphs of the 
water levels and other data collected during this pumping test are shown 
in figures 11-10 and 11-12. As may be seen from the figures, the water 
levels in all wells had stabilized by the end of the fifth day of pumping. 
The minor deviations of the water levels from a smooth curve can be 
attributed to the response of the aquifer to changes in barometric pressure. 
The water-level data shown in figure 11-10 and 11-12 have not been corrected 
for barometric pressure but a comparison of the changes in barometric 
pressure with the water-level records suggests that stabilized conditions 
may actually have been reached early in the fourth day. Prior to reaching 
stabilized conditions, a part of the pumpage was supplied by water released 
from storage in the aquifer. After stabilized conditions were reached, all 
of the pumpage was derived either from an increase in recharge to the 
aquifer or a decrease in natural discharge from the aquifer, or both. 
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Figure 11-12.--Graphs showing the decline of the water leve) in 
wells Sa 1025T-Sa 1028T during the pumping test 
of we 1) Sa 848T, December 1956-January 1957. 
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In determining the effect pumping from the artesian aquifer hc
 on 
water levels in the water-table aquifer, water-level measurements 

re made 
in well Sa 1029T, a well screened in the water-table aquifer and Ic
ated 
10 feet east of Sa 848T. Water levels in Sa 1029T showed an immediate 
response to pumping from well Sa 848T. (See figure 11-10.) By th
 end of 
the fourth day the water level in well Sa 1029T had declined 1.8 fe
t. The 
water level in the well rose slightly after the fourth day, probably as a 
result of the rise in the stage of Kayaderosseras Creek. The cessation of 
pumping from well Sa 848T was accompanied by an immediate rise in the water 
level in well Sa 1029T. The hydrographs in figure 11-10 show that the water 
level in well Sa 848T prior to the start of pumping was approximately II 
feet higher than the water level in well Sa 1029T. As a result of this 
difference in head, water was leaking upward from the artesian aquifer into 
the water-table aquifer prior to the start of pumping. During pumring, the 
water level in well Sa 848T decl ined to a posi tion about 10 feet bE:low the 
water level in well Sa 1029T. As a result, the movement of water upward 
from the artesian aquifer ceased in the vicinity of the pumping well and 
water, though certainly in negl igible quanti ties, began moving dowrt
ard from 
the water-table aquifer into the artesian aquifer. 


WATER-LEVEL FLUCTUATIONS 


In order to determine the extent to which water levels in the West 
Milton area fluctuate in response to changes in the rates of rechar?e and 
discharge and to other factors, records have been collected of the depth to 
water in selected wells. The records for wells Sa 838-Sa 841 for the period 
October 1954 to November 1955 are shown graphically in figure 11-13. These 
are large-diameter dug wells penetrating unconsolidated deposits w
'ich con- 
tain water under water-table conditions. Wells Sa 838, Sa 839, anc Sa 841 
are in till and well Sa 840 is in the kame deposit north of the spr
re. (See 
figure 11-4 for the location of the wells.) Thus, the fluctuation
 of the 
water levels in these wells are probably indicative of the fluctuations of 
water levels in most of the area underlain by till and kames. The hydrographs 
in figure 11-13 show that the relatively high precipitation in Nov

ber 1954 
together with the onset of cold weather, which decreased the rate 
f evapo- 
ration and stopped transpiration by plants, resulted in a rise in \-1.
ter levels. 
The water levels remained relatively unchanged through December but began to 
decline in January 1955. This decline correlated with the freezinr of the 
ground which diminished recharge to the aquifer. As the ground ber
n to thaw 
late in February, permitting water to percolate downward to the zor
 of 
saturation, the water levels began to rise. This rise generally c

tinued 
until early May 1955 when resumption of plant growth and increase in the rate 
of evaporation started a new decline of the water levels. This decline con- 
tinued throughout the summer of 1955 until rains in August and again in 
October produced marked rises in the water levels. Fluctuations of the water 
table in most of the West Milton area may be expected to follow th
 general 
pattern shown in figure' 1-13. However, departures from the pattern may 
occur from year to year owing to variations in precipitation and t

perature. 


Fluctuations of pressure in the artesian aquifer underlying Kcyadeross- 
eras Creek are shown in the hydrographs of wells Sa 848T, Sa 1026T, and 
Sa 1028T in figure 11-14. (See figure 11-9 for location of the weTls.) As 
may be seen from figure 11-14, the pattern of seasonal fluctuationf in 
artesian pressures in this aquifer is similar to that of the water-table 
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Figure 11-13.--Graphs showing the seasonal fluctuations of water 
levels in dug wells penetrating unconsolidated 
deposits in the West Milton area, and monthly 
precipitation at the reactor site. 


aquifer as shown in figure 11-13. Continuous records from the recording 
gages installed on these wells also show daily fluctuations in artesian 
pressure due to changes in barometric pressure. Such fluctuations are 
generally less than 0.1 foot. 


CHEMICAL QUALITY 


Chemical analyses of 15 samples of water from 12 ground
ater sourcos 
in the West Milton area are given in table 11-2. 


Water from the artesian aquifer in the valley of Kayaderosseras Creok 
(see analyses for wells Sa 848T, Sa 1030, and Sa 1031 in table 11-2) is of 
the calcium magnesium bicarbonate type, has a hardness of about 100 ppm 
(parts per million) and has a dissolved solids content of about 120 ppm. 
(The locations of the wells in the valley of Kayaderosseras Creek are shown 
in figure 11-9.) . 
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Figure 11-14.--Graphs showing fluctuations of the water levelr 
in wells penetrating the artesian aquifer in 
the vicinity of Kayaderosseras Creek and 
monthly precipitation at West Milton. 


Water from the water-table aquifer in the valley of Kayaderossoras 
Creek is also a calcium magnesium bicarbonate water but it is a little more 
highly mineralized than water in the artesian aquifer underlying it. The 
hardness of water from wells Sa 843 and Sa 849T is 125 ppm and 115 ppm and 
the dissolved-solids content is 138 ppm and 127 ppm, respectively. 
The two analyses of water from well Sa 52aT (fig. 11-4) show that water 
from the bedrock underlying the reactor installation has a hardness of 
64 ppm. Both of these samples were collected while the well was being 
dri lIed, one when the well was 230 feet deep and the other when i t "'
s 675 
feet deep. Dissolved solids increased from 214 to '268 ppm and bicarbonate 
increased from 256 to 366 ppm in the range of depths from 230 to 675 feet. 


The other analyses listed in table 11-2 are for water from wells tapping 
other unconsolidated deposits in the area. Water from well Sa 546, a shallow 
dug well tapping unconsolidated deposits 0.6 mile south of the haml
t of West 
Milton (fig. 11-4), has a hardness of 224 ppm which is the highest hardness 
shown in the table. The concentration of iron did not exceed 0.3 ppm, the 
limit recommended by the U. S. Public Health Service (1961, p. 941, 943), 
except in water from two we 11 s. These were well Sa 566 (0.97 ppm) \
h i ch taps 
sand in the hamlet of West Milton, and well Sa 545 (0.31 ppm) which taps sand 
along Glowegee Creek 0.4 mile southeast of the sphere. The concentrations 
of fluoride (1.5 ppm), chloride (250 ppm) , su1fate (250 ppm), and diss01ved 
solids (500 ppm) were within the recommended limits for all wells. 
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GROUND-WATER RESOURCES OF 
SARATOGA NATIONAL HISTORICAL PARK 
AND VICINITY 


By 
Ralph C. Heath and Jordan A. Tannenbaum 


- 77 - 




CONTENTS 


Introduction..................................................... 
Geography........................................................ 
Geologic formations and their water-bearing properties........... 
Bedrock....................................................... 
Character.................................................. 
Occurrence of ground water................................. 
Chemical quality of water.................................. 
Unconsolidated deposits....................................... 
Till....................................................... 
Sand and gravel............................................ 
Clay....................................................... 
Sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . · . · · · · · · · · · · · · · · 
Deposits of the Hudson River valley........................ 
Chemical quality of water.................................. 
Quantitative studies............................................. 
Construction of test wells.................................... 
Pumping test of August 10-13, 1959............................ 
Analysis of data........................................... 
Step-drawdown test of April 29, 1960.......................... 
Yield of the sand deposit..................................... 


- 79 - 


Page 


83 
84 
86 
87 
87 
87 
88 
92 
93 
96 
97 
97 
105 
105 
107 
107 
109 
109 
115 
1 18 



j; i g u re I I I -1 . 


111-2. 


111-3. 
I II -4. 


I II -50 


ILLUSTRATIONS 


Page 


Map of Saratoga National Historical Park and 
vicinity showing location of selected wells, 
springs, bore holes, and geologic sections A-AI 
and B-BI........
........o...................... 


facing 84 
85 
86 


Normal monthly temperature at Saratoga Springs 
and monthly precipitation at Mechanicville...... 


Total annual precipitation at Mechanicville....... 


Graphs showing the principal constituents of 
selected chemical analyses of water from wells 
Sa 827-Sa 829 and spring Sa 51 aSp............... 


91 


Map showing position of bore holes and observation 
wells, and thickness of the surficial sand 
deposit in the vicinity of Wilbur Spring 
ravine.. o .. o ................. o .................. 95 


I I 1-6. Geologic sections in Saratoga National Historical 
Park along lines A-A' and B-BI in figure II I-I.. 96 


I I 1-7. Graphs of particle-size analyses of sand samples 
collected immediately above the sand-clay 
contact from selected bore holes in the vicinity 
of Wilbur Spring ravine......................... 99 


111-8. Graphs of the flow from the springs at the head 
of Wilbur Spring ravine, water levels in 
observation wells, and monthly precipitation 
at Mechanicville................................ 100 


111-9. Graphs of the daily highest water levels in well 
Sa 1072, daily maximum and minimum air 
temperature at Saratoga Springs, daily 
precipitation at Mechanicville, and water 
equivalent of snow on ground at Albany airport.. 101 


111-10. Map showing the location of springheads on the 
Dakota Spring and the Wilbur Spring ravines 
and the water table and thickness of saturated 
sand in the vicinity of Wilbur Spring ravine.... 103 


III-II. Profiles of the Dakota Spring and the Wilbur 
Spring ravines.................................. 104 


- 80 - 



IllUSTRATIONS (Continued) 


Page 


Figure I I 1-12. Sections and maps showing the wells used in 
the pumping test of August 11-13, 1959, and 
the step-drawdown test of April 29, 19600...... 108 


111-13. Hydrographs of the pumping well and selected 
observation wells in the vicinity of the 
Wilbur Spring ravine showing response of the 
water level during the pumping test of 
August 11-13, 1959............................0 110 


I I 1-14. Plot of log of drawdowns versus log of t/r 2 in 
the five observation wells screened in the 
bottom of the aquifer north of the pumping 
we II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 3 


I I 1-15. Graph of drawdowns versus log of distance 
from pumping well.............................. 115 


111-16. Graphs of the drawdowns versus log of distance 
from pumping well for the step-drawdown 
test of April 29, 1960......................... 117 


111-17. Log plot of screen loss versus discharge during 
the step-drawdown test of April 29, 1960....... 119 


1 I 1-18. Graphs of predicted drawdowns that would be 
produced by a well drawing from the sand 
deposit in Saratoga National Historical 
Park and vicinity.............................. 122 


I I 1-19. Graphs showing components of drawdown in a 
well 2 inches in diameter which is pumped 
at 30 gpm for a period of 200 days without 
recharge....................................... 123 


- 81 - 



TABLES 


Page 


Table II I-I. Chemica1 analyses of water from selected wells and 
springs in Saratoga National Historical Park 
and vicinity...................................... 89 


111-2. Records of holes bored by power auger in the 
northern part of Saratoga National Historical 
Park.............................................. 94 


111-3. Records of selected springs In Saratoga National 
Historical Park and vicinity...................... 106 


111-4. Results of step-drawdown test of April 29, 1960..... 118 


111-5. Comparison of drawdowns in wells tapping bottom 
and top of aquifer during step-drawdown test 
of April 29, 1960................................. 120 


- 82 - 



PART III 


GROUND-WATER RESOURCES OF SARATOGA NATIONAL HISTORICAL PARK 


AND VICINITY 


By 


Ralph C. Heath and Jordan A. Tannenbaum 


INTRODUCTION 


In 1957 the U. S. National Park Service embarked on a IO-year program 
to improve and expand the facilities of the national parks to provide for 
the recreational needs of the Nation's growing population. This progra
, 
known as "Mission 66,'1 involves not only the expansion of camping and other 
recreational facilities but also the reconstruction and care of historic 
structures and sites. As a part of this program, the National Park Ser'fice 
is constructing new roads in Saratoga National Historical Park which will 
make those points of interest connected with the Battles of Saratoga more 
readily accessible. In addition, a new headquarters and enlarged facilities 
for visitors are to be constructed on Fraser Hill in the northwestern c'rner 
of the park. It is anticipated that approximately 25 gpm of water will be 
needed for these facilities. 


At the request of the National Park Service, the U. S. Geological 
Survey began an investigation of the ground-water resources of the area in 
May 1958. The field investigation consisted of: 


1. The collection of data on the depth, diameter, 
yield, and other features of existing wells 
in the vicinity of the park. 


2. A study of the source, yield, and other features 
of Dakota and Wilbur Springs. 


3. An investigation of the thickness and extent of 
the s
rficial deposits underlying the northern 
part of the park. 


4. Construction of test wells in the vicinity of 
Wi I bur Spri ng. 


5. Measuring the depth to water in observation wells 
at weekly intervals. 


6. Measuring the flow from the two upper springheads 
on the Wilbur Spring ravine. 


7. Conducting pumping test to determine the trans- 
missibility and storage coefficient of the sand 
deposit in the vicinity of Wilbur Spring. 
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The field investigation of the thickness and extent of the surficial 
deposits included the boring of 23 holes with a power auger. This w
rk was 
performed by Herbert T. Hopkins of the Hydrologic Laboratory, U. S. Geological 
Survey, Louisville, Ky. The test wells used in the pumping test wer
 con- 
structed by Hall and Company, Delmar, N. Y. Water samples collected as part 
of the investigation were analyzed by the Quality of Water Branch, U. S. 
Geological Survey, Albany, N. Y. Information on water wel)s was fur,ished 
by owners of property and local well drillers. Mr. Ivan Ellsworth, Super- 
intendent, Saratoga National Historical Park, provided information 0' wells 
in the park and other data. The field work and preparation of this report 
were under the general supervision of George C. Taylor, Jr., former district 
geologist, U. S. Geological Survey. 


GEOGRAPHY 


Saratoga National Historical Park is located in the east-central part 
of Saratoga County about 10 miles southeast of the city of Saratoga Springs. 
(See figure 1-2.) The park is an irregularly shaped area of about 4 square 
mi I es. 


The park and vicinity encompass two topographically distinct ar
as. 
West of State Highway 32 (fig. III-I) the area consists of low hills elon- 
gated in a northeast-southwest direction, alternating with broad, relatively 
flat-bottomed valleys. The altitudes of the hills range from about 400 feet 
above sea level in the northwestern corner of the park to more than 600 feet 
above sea level a few miles west of the park. The floors of the valleys 
generally range in altitude from about 300 feet above sea level near State 
Highway 32 to 450 feet above sea level a few miles to the west. 


East of State Highway 32 the area consists of two terraces and the 
flood plain of the Hudson River. The upper terrace ranges in altitu
e from 
about 260 feet to about 300 feet. It is generally less than half a mile 
wide and its surface is relatively irregular. Some of these irregularities 
are due to the presence of bedrock hills which were not covered by the 
sediments forming the terrace. However, many of the irregularities are 
doubtless due to stream erosion. The upper terrace is separated fro
 the 
lower terrace by a gentle slope. The lower terrace ranges in altitu
e from 
about 230 feet to about 240 feet. The surface of the lower terrace slopes 
very gently toward the east. The steep-sided, v-shaped valleys that have 
been cut by streams crossing the lower terrace are one of the most striking 
topographic features in the area. The lower terrace is separated fr
 the 
flood plain of the Hudson River by a steep, well-defined scarp more than 100 
feet high. The flood plain is a nearly flat surface which ranges in width 
west of the river from about 0.1 mile near the Kroma Kill, to about 0.5 mile 
east of Mill Creek. The altitude of the flood plain ranges from 90 to 100 
feet. 


The major part of the area is drained by the Kroma Kill, Hill Creek, 
and their tributaries. These streams originate west of the park and flow 
east and south to the Hudson River. 


The climate of the area is humid continental, characterized by long 
cold winters, short warm summers, and moderately heavy precipitation. 
Figure 111-2 sh
s the normal monthly temperature at the U. S. Weath
r Bureau 
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substation 3.5 mi Jes northwest of Saratoga Springs. The operation of this 
substation, which was located about 13 miles northwest of the park at cr, 
altitude of 550 feet above sea level, was discontinued in 1951. It may be 
seen from the figure that the normal monthly temperature ranges from a law 
of about 20 0 F in January to a high of about 70 0 F in July. 
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Figure 111-2 shows also the mean monthly precipitation based on the 
records of the U. S. Weather Bureau from 1931 to 1955 at Mechanicville, 
which is located about 6 miles south of the park. As can be seen from the 
graph, precipitation is fairly evenly distributed throughout the year, 
although ordinarily it is slightly greater during the summer than in the 
other seasons. The mean annual precipitation at Mechanicville is 37.82 
inches. Total annual precipitation at Mechanicville from 1911 to 1959 is 
shown in figure 111-3. Temperature records are not co11ected at the 
Mechanicvi11e station. 
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Figure 111-3.--Tota1 annual precipitation at Mechanicville. 


The summer of 1959 was unusually dry. Precipitation at Mechanicvi11e 
for July, August, and September 1959 was 5.08 inches or less than half of 
the 11.47 inches normally expected during those months. In comparison, the 
precipitation during July, August, and September 1958 was 10.31 inches. 


GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES 


From the standpoint of the occurrence of ground water, the rocks under- 
lying the park are readily divisible into two distinct units. The first of 
these consists of unconsolidated deposits which extend from the surface to a 
maximum depth of more than 100 feet. The second unit consists of shale and 
sandstone, commonly referred to as bedrock, whose total thickness exceeds 
several thousand feet. Ground water in usab1e quantities may be obtained 
from either the uncons01idated deposits or from the bedrock. 
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Records of the depth, diameter, depth of casing, yield and other 
features of selected wells in the vicinity of the park are listed together 
with wells from other parts of the county in table 1-3. Records of 
selected springs in the vicinity of the park are listed in table 111-3. 
The locations of the wells and springs in the vicinity of the park are 
shown in figure I II-I. 


Bedrock 


Bedrock underlies the entire area, although in most places it is 
covered by unconsolidated deposits to depths ranging from a few inches to 
more than 100 feet. Bedrock crops out in parts of the stream valleys and 
on some hills. As may be seen from section A-AI in figure 111-6, the 
surface of the bedrock is irregular. The bedrock is Ordovician in age and 
has been differentiated by Ruedemann (Cushing and Ruedemann, 1914, p. rt
 
and 93, and Ruedemann 1930, p. 96 and 117) into the Normanskill Shale and 
the Snake Hill Formation. However, because there does not appear to b
 
any appreciable difference in the water-bearing characteristics of thef@ 
formations, they will be treated as a unit. 


Character 


The bedrock consists of blue-black to gray shale containing thin 
layers of gray to black sandstone. The shale layers generally range ir 
thickness from a few inches to several feet. The sandstone layers, on the 
other hand, are rarely more than 2 to 3 inches in thickness. The sandrtone 
layers contain considerable amounts of calcium carbonate, principally 
s a 
filling between the quartz grains. The bedrock has been tightly folded and 
broken by many faults and joints. In addition, the layers of shale ar
 
broken along numerous closely spaced parallel planes. In most parts of the 
area, these breaks are obviously along bedding p
anes. 


Occurrence of Ground Water 


Water occurs in the bedrock in openings along faults, joints, bedding 
planes, and cleavage planes. Although openings, particularly those 
developed along bedding and cleavage planes, appear to be relatively 
numerous in outcrops most of them are probably too small to transmit wcter 
readily. Furthermore, openings along joints, bedding planes, and cleavage 
planes tend to disappear or become tightly closed at depth. Thus, the 
yield of welts is generally not increased by drilling below a depth of 
about 300 feet unless the lower part of the well penetrates a more pern

able 
formation or a zone in which the bedrock is crushed, as along some maj
r 
faults. 


The yield of wells drawing from bedrock depends on the number and size 
of the openings penetrated by the wells. In general, the yield of suc
' 
wells is relatively low. Wells in Saratoga County drawing from the shc'le 
have an average yield of about 9 gpm (table 1-2). 


The average depth of the bedrock wells in the vicinity of the park is 
about 125 feet. The shallowest well, Sa 1048, is a dug well 7 feet de

. 
The deepest we]l, Sa 827, is a drilled well 526 feet deep which was 
originally drilled to a depth of 312 feet. It is reported that deepening 
the well did not increase the yield which initially was 12 gpm. 
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Chemical Quality of Water 


Chemical analyses of water from selected wells and springs in the 
vicinity of the park are listed in table 111-1, together with depth of 
well, water-bearing material, and date of collection. The analyses show 
that the chemical quality of water from the bedrock varies widely. The 
table contains several relatively comprehensive analyses of water from the 
three deep wells (Sa 827-Sa 829) at a U. S. Air Force installation about 
1.5 miles west of the park. These analyses show a wide and striking vari- 
ation from year to year in the amount of calcium, magnesium, sodium and 
potassium, and sulfate in the water. For example, these constituents in 
samples from well Sa 827 have ranged as follows: calcium, from 14 to 120 
ppmj magnesium, from 2.5 to 26 ppm; sodium and potassium, from 35 to 140 
ppm; and sulfate, from 31 to 211 ppm. Such wide variations in the chemical 
quality of water from wells have not been observed previously in upstate 
New York. In view of this, and in view of the fact that when the calcium is 
relatively high the sodium and potassium are relatively low, and vice versa, 
the sampling points were inspected to determine if some of the samples might 
have contained an admixture of water that had passed through a zeolite 
softener. As this inspection failed to reveal any possibility that the 
samples might have contained softened water from the installation's water 
system, the explanation for the variations must be sought elsewhere. Although 
the possibility that some of the variations may be manmade cannot be complete- 
ly ruled out at this time -- for example, the relatively high chloride content 
in well Sa 828 in November 1953 may have resulted from salt used to deice 
streets -- it seems probably that most of the variations are due to natural 
causes. 


The analyses for wells Sa 827 and Sa 829 appear to show the pr
sence of 
two distinct types of water, one which can be termed a sodium bicar
onate 
water and the other a calcium magnesium bicarbonate water. Each sample is 
probably a mixture of these waters although their relative proportion in any 
sample varies considerable as shown by a comparison of the analyses for well 
Sa 827 for November 24, 1953, and November 22, 1955. These analyses, to- 
gether with two analyses of samples from well Sa 828, wel) Sa 829, and 
spring Sa 5laSp, are shown graphically in figure 111-4. The principal 
constituents of the samples collected in November 1953 from wells Sa 827 and 
Sa 828 and in July 1959 from well Sa 829 are sodium and bicarbonate whereas 
the principal constituents of the samples collected from well Sa 827 in 
November 1955 a
d from well Sa 828 in August 1957 are calcium and bicarbonate. 
In both these samples the sulfate content was also relatively high. The 
differences in the chemical composition from one time to the next indicate 
that the samples are from two distinct water-bearing zones. However, the 
position of these zones cannot be identified from the data presently avail- 
able. Similarly, the geologic factors that cause the differences in 
chemical composition cannot be explained at this time. Of interest is the 
fact that the bicarbonate content shows only slight variation. This may 
indicate that water from both sources initially had about the same chemical 
composition and that, in view of the abundance of limestone and dolomite in 
the region, the water was calcium magnesium bicarbonate type. If this is 
correct, it may be reasoned that water from one of the sources came in 
contact with ion-exchange silicates and that calcium and magnesium ions were 
replaced by sodium ions by a process of ion-exchange. The possible presence 
of a zone of naturally softened water deserves further investigatio,. 
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Figure II 1-4.--Graphs showing the principal constituents of selected 
chemical analyses of water from wells Sa 827-Sa 829 
and spring Sa 51aSp. 


The hardness of the water from wells Sa 827-Sa 829 shows the same wide 
variations as does the calcium and magnesium content. The hardness 
f 
water from well Sa 827 ranged from 43 to 426 ppm (table 111-1). Prior to 
use, some of the water from the wells is passed through a zeolite softener. 


The pumps in wells Sa 827-Sa 829 have to be removed periodically to 
permit removal of chemical precipitates from the screens at the bottom of 
the pump columns. Although the precipitate has not been analyzed, it is 
presumed to be composed principally of calcium carbonate formed from the 
breakdown of calcium bicarbonate following the release of carbon dioxide 
which accompanies the reduction in pressure during pumping. This reduction 
in pressure amounts to more than 300 feet of water. 


Hydrogen sulfide gas, which smells like rotten eggs, is one of the 
most recognizable constituents of the water from bedrock wells in the 
vicinity of the park. A concentration of hydrogen sulfide as low as 
0.5 ppm can be detected both by taste and odor. Waters having a concen- 
tration above 1 ppm are considered objectionable for most uses. Hydrogen 
sulfide is readily detectab
e by taste in 10 of the 30 bedrock wells sho
n 
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in figure I I I-I. Determinations made by the U. S. Geological Survey, show 
that water from well Sa 1059 contains 2.5 ppm and water from well Sa 1032 
contains 20 ppm of sulfide expressed as hydrogen sulfide. Although it is 
not possible to determine which sulfides are present in the water, hydrogen 
sulfide probably is the principal one. 


Unconsolidated Deposits 


The bedrock in the park and vicinity is overlain by a layer of uncon- 
solidated deposits ranging in thickness from a few inches near bedro
k out- 
crops to more than 100 feet beneath the flood plain of the Hudson River and 
the low terrace immediately west of the flood plain. All these deporits 
were formed during the Pleistocene Epoch (popularly called the "ice 

e"), 
except for a thin layer, probably less than 20 feet thick, which has been 
deposited on the flood plain in Recent time by the Hudson River. Th
 
unconsolidated deposits in the vicinity of the park consist of sever
1 
distinct units. From oldest to youngest these are, till, sand and gravel, 
clay, sand, and alluvium. 


Figure 1-3 (in Part I) is a map showing the unconsolidated deporits in 
Saratoga County. Records of selected wells deriving water from the uncon- 
solidated deposits are listed in table 1-3, and the locations of the wells 
are shown in figure I II-I. 


The northwestern corner of the park and small areas in the west
rn part 
of the park are underlain by till which was deposited by an ice sheet that 
advanced across the area in Pleistocene time. In one place the till is 
overlain by a deposit of sand and gravel. The sand and gravel and, 
here it 
is absent, the till, are overlain by clay which was deposited in the quiet 
waters of a lake that occupied the area after the retreat of the ice sheet. 
This lake was called lake Albany by Woodworth (1905, p. 175) who believed 
that it once occupied much of the area from the vicinity of Rhinebec

 in 
Dutchess County to the vicinity of Schuylerville. Figure 1-3 shows that 
much of the area in Saratoga County along the Hudson River is underl
in by 
the silt and clay which was laid down in this lake. In the vicinity of the 
park this fine-grained material is predominantly clay and extends wertward 
from the Hudson River to about the 300-foot contour line which is shewn in 
fig u re I I 1 -I . 


On the terrace bordering the flood plain of the Hudson River th
 clay 
is covered by a thin deposit of fine to medium sand. This sand is tt,
 
uppermost deposit of the Pleistocene Epoch and was probably formed dt.ring 
the final stages of lake Albany. 


The youngest materials in the area are the a11uvium which the Hudson 
River has deposited on its flood plain during times of flood. The alluvium 
consists of both fine- and coarse-grained sediments. 


A test-boring program was conducted in August 1958 to determine the 
physical character and extent of the different unconsolidated deposits in 
the park. This program was limited to the northern part of the park because 
the studies to that time indicated that the surficial sand deposit ur
er- 
lying the northeastern corner of the park was the best source of wat
r 
readi Iy avai lable to the new faci I i ties to be constructed on Frazer t
i II. 
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The locations of the test holes are shown in figures 111-1 and 111-5. 
Geologic sections based on data obtained from the test-boring program are 
shown in figure I I 1-6. The records of holes bored with the power auger 
are given in table 111-2. The following discussion of the different 
deposits is based on the detailed work in the northern part of the park 
but the description of the deposits and their water-bearing characteristics 
is applicable to these deposits elsewhere in the vicinity of the park an
 
in the other parts of the county where they occur. 


Till 


Description .--Till is the oldest unconsolidated deposit in the area. 
Where present i t directly overlies bedrock. Above an altitude of about 
300 feet, which includes most of the western part of the area and several 
isolated hills in the southwestern part of the park, the unconsolidated 
deposits are composed entirely of till. Figure 111-6 shows that only bo
e 
hole BH 3 (along line A-AI) may have penetrated till. Only a small amount 
of the material penetrated in the lower 7 feet of this hole was brought to 
the surface by the power auger. Although this material appeared to be a 
mixture of clay, silt, sand, and pebbles representative of till, it could 
not be positively identified as till and may have been disintegrated bed- 
rock. None of the other holes which reached bedrock penetrated till. 
Thus, it appears that till below an altitude of about 300 feet occurs as 
discontinuous masses, if present at all. The materials comprising the 
ti 11 were derived largely from the 'shales underlying the area. Thus, ti II 
contains a relatively large percentage of clay-size and silt-size partic.les. 
Where the till was compacted by the weight of the ice it is dense and herd 
to drill through and is called "hardpan" by drillers. The till ranges in 
thickness from zero at bedrock outcrops to more than 50 feet at places in 
the weste
n part of the area. Generally, it appears to be less than 25 
feet thick. 


Occurrence of ground water .--The poor sorting and the high clay cortent 
of the t ill resu l t i n b ot h a l ow porosity and a low permeability. Thus, 
water in usable quantities can be obtained from till only from large-dic
ter 
wells which have a large area for the infiltration of water and a large 
volume for the storage of water between periods of pumping. The most c

n 
diameter of dug wells is about 3 feet but one dug well near the park, w£.I I 
Sa 1056, is reportedly 16 feet in diameter. The sustained yield of wells 
drawing from till is seldom known because pumps are operated for short 
periods and draw mostly from storage in the well. However, based on ex- 
perience elsewhere, the yield of most wells drawing from till is probably 
only a few hundred gallons a day. In those wells which are dug only a few 
feet below the water table, the water level is apt to fall below the drc
 
pipes of pumps during exceptionally dry seasons. 


Water-level fluctuations from April 1958 to November 1959 in well 
Sa 145, a dug well in till, are shown in figure 111-8. During the peric
 
of observation the water level fluctuated through a range of 4.5 feet. 
The rather abrupt rises in the water level in October and November 1958, 
and at other times, suggests that surface runoff may enter the well, 
possibly through a permeable zone alongside the curbing. For a discussion 
of the seasonal fluctuations of the water table' see "Occurrence of grour
 
water" in the section on "Sand ll . 
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Table 111-2.-- Records of holes bored by power auger In the northern part of Saratoga National Historical Park 


A
tltude Depth to Thickness 
log (feet above mean sea 1 eve J) water table of 
Bore below land sa tu ra ted 
hole Well Haterl al From To Thi ckness Measuring land Top of Wa te r surface sand 
no. no. penetrated (feet) ( feet) pene t ra ted point 11 su rface clay table Y (feet) Y (feet) Y 
BH I Sand 0 9 9 222 213 214 8 I 
Clay 9 72 63 
Bedrock 72 73 I 
BH 2 Sand 0 17? 171 219 2021 210 9 81 
Clay 17? 90 731 
Bedrock 90 91 I 
BH 3 Sand 0 3 3 236 233 -- -- 0 
Clay 3 21 18 
TI I I or 21 28 7 
bedrock 
BH 4 Sand 0 3 3 235 232 -- -- 0 
Clay 3 91 88 
Bedrock 91 92 I 
BH 5 Sand 0 5 5 244 239 -- -- 0 
Clay 5 106 101 
BH 6 SII ty soli 0 3 3 272 269 -- -- 0 
Clay 3 41 38 
Bedrock 41 48 7 
BH 7 Sand 0 10 10 222 212 -- -- 0 
Clay 10 37 27 
BH 8 Sand 0 21 21 -- -- -- IS 6 
Clay 21 53 32 
BH 9 Sand 0 18? 18? 225 2071 217 8 lO? 
Clay 181 75 571 
Bedrock 75 76 I 
BH 10 Sand 0 14 14 217 203 208 9 5 
Clay 14 18 4 
BH I I Sand 0 7 7 224 217 217 7 0 
Clay 7 33 26 
BH 12 Sand 0 18 18 229 211 215 14 4 
Clay 18 28 10 
BH 13 Sa 1065 Sand 0 18 18 224.0 222 204 211 11 7 
Clay 18 28 10 
BH 14 Sa 1066 Sand 0 11 I I 218.8 215 204 210 5 6 
Clay II 23 12 
BH 15 Sand 0 9 9 220 211 212 8 I 
Clay 9 26 17 
BH 16 Sand 0 9 9 222 213 214 8 I 
Clay 9 11 2 
BH 17 Sand 0 8 8 219 211 212 7 I 
Clay 8 13 5 
BH 18 Sa 1067 Sand 0 26 26 227.2 225 199 215 10 16 
 
Clay 26 33 7 
BH 19 Sa 1068 Sand 0 21 21 229.5 226 205 217 9 12 
Clay 21 28 7 
BH 20 Sand 0 12 12 231 219 222 9 3 
Clay 12 18 6 
BH 21 Sand 0 16 16 230 214 -- -- ? 
Clay 16 18 2 
BH 22 Sa 1069 Sand 0 24 24 228.3 225 201 218 7 17 
Clay 24 33 9 
BH 23 Sand 0 IS IS 225 210 218 7 8 
Clay IS 25 10 



 


-I 


!I Measuring point is top of It-inch pipe. 
£! Water-table data and thicknesses of saturated sand for wells Sa 1065-Sa 1069 were determined 
from water-level measurements made on Aug_ 14. 1958. All other water-table data and 
thicknesses of saturated sand were determined from observations made during construction 
of the test holes during the period Aug. 4-9. 1958. 
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BH Sal068 
19- 
(ZI) 


BH 
ZI 
- 
(16) 


BH 
-Z3 
(5) 


SCALE 


BH 
9 0 
(l8?) 


500 Feet 
I 


--'--'--.__.
RK 80U N 
. - . -- . -..Q.'
!tx__ 


Figure 111-5.--Hap showing position of bore ho1es and observation we11s, 
and thickness of the surficla1 sand deposit In 
the vicinity of Wilbur Spring ravine. 
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Figure 111-6.--Geologic sections in Saratoga National Historical 
Park along lines A-AI and B-BI In figure 111-1. 


Sand and Gravel 


Descrlption .--The lowermost stratified deposit known to exist in the 
area cons i sts o f sand and gravel which is exposed in a pit a few hunrlred 
feet north of the point at which U. S. Highway 4 crosses Hill Creek. (See 
figure I II-I.) This is the only known occurrence of the deposit in the 
area. The southernmost bore hole (BH 9), located about 1,700 feet south of 
the Wilbur Spring ravine did not penetrate this deposit (section B-BI, 
fig. 111-6). Thus. it appears that the sand and gravel extends only a short 
distance north of the pit. It is not known whether the deposit is present 
in the area south of Hill Creek. The bottom of the sand and gravel is not 
exposed and, therefore, its thickness is not known. 


The section exposed in the pit is listed below. It should be noted that 
the top of the pit is about 25 feet below the surface of the lower terrace. 
It is assumed (section B-BI, fig. 111-6) that the 25 feet of material removed 
at the top of the pit was composed of sand. The four feet of sand at the top 
is believed to have slumped or been bulldozed from further up the slope. 


Description Thickness Depth below top of pit 
Sand. fine, orange 4 0- 4 
Clay, thin-bedded, brown to gray 47 4-51 
Sand and g rave I . Sand is fine 36+ 51-87+ 
to medium and crossbedded. 
Gravel occurs in lenses 
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Occurrence of ground water .--No wells are known to draw from the sand 
and grave l d epos i t. Th e over l ying clay no doubt greatly retards the d
dn- 
ward movement of water into the deposit. Moreover, because of the relatively 
high permeability of the deposit and. its dissection by streams any water 
perc01ating into it through the overlying clay can drain readily into Mill 
Creek or into the Hudson River valley. Thus, it appears that this depo
it 
cannot be considered a potential source of substantial water supplies in 
the park. However, if present in other parts of the area it might serve 
as a source of supply if more favorably situated with respect to rechar
e 
and discharge. 


Clay 


Description .--In the northern part of the park, and presumably 
throug h out most of the eastern part of the area shown in figure 111-1, the 
lowermost stratified deposit consists of clay which was deposited in lake 
Albany, the lake that existed in the area after the melting of the last 
ice sheet. As may be seen from section A-AI in figure 111-6, bore hole 
BH 5 penetrated 101 feet of this clay. Although this hole did not reach 
the bedrock it is believed th
t bedrock was only a short distance below 
the bottom of the hole. The clay appears to be the only unconsolidated 
deposit in the area occupied by the upper terrace. On the lower terrace, 
it is covered by a veneer of fine to medium sand. 


Occurrence of ground water .--Although the clay deposit is not a 
potent i a l source o f water i n t h e area it has considerable influence on the 
occurrence of water. As pointed out in the preceding section, it doubtless 
impedes the downward percolation of water. Thus, in that part of the upper 
terrace in which the clay forms the surficial deposit most of the pre- 
cipitation either runs off to streams or stands on the surface until 
dissipated by evaporation or the transpiration of plants. On the lower 
terrace the clay serves as an impermeable bottom to the sand deposit th
t 
blankets the terrace. The effect of the clay layer on the occurrence of 
ground wat
r in the sand deposit will be discussed in greater detail in the 
following section. 


Sand 


Description .--The surface of the lower terrace is underlain by a veneer 
of we ll -sorte d f ine to medium sand. The 
and is made up almost entirely of 
angular grains of quartz. In addition, it contains a small percentage of 
rounded shale particles and angular fragments of mica and dark-colored 
silicate minerals. Although no detailed studies have been made of the 
origin of the deposit, it appears to have been laid down when the waters of 
lake Albany were receding. 


The veneer of sand ranges in thickness from 1 to 2 feet near the 
western margin of the lower terrace to more than 25 feet in the vicinity of 
bore hole BH 18 (fig. 111-6). It may also be noted from the figure that 
the thickest section of the sand seems to coincide with a s1ight depression 
in the surface of the clay. The thickness of the sand deposit in- the 
vicinity of the Wilbur Spring ravine is shown with contour lines in figure 
111-5. It may be observed from the figure that the thickest part of th
 
deposit is a north-south elongated lens-shaped mass lying to the west and 
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south of the ravine. This mass ranges in thickness from 10 to 20 f
et. Th@ 
deposit appears to decrease in thickness in all directions, the decreases to 
the east and west being the most abrupt. The extent of the deposit in the 
area immediately north of bore hole BH 7 is not known because it wa
 
impossible to enter the area with the power auger. However, it is doubtful 
that more than about 10 feet of the sand remains between bore hole r
 7 and 
the Kroma Kill. In the northeastern corner of the park, bore hole r
 8 
(figs. 111-1 and 111-6) penetrated about 21 feet of sand before entering 
clay. The profile of the Dakota Spring ravine (fig. 111-11) shows 
 thick- 
ness of about 20 feet of sand. 


In order to determine the particle-size distribution of the sar
, sieve 
analyses were made of samples from selected bore holes. The result
 of these 
analyses are shown in figure I I 1-7. As may be seen from the figure, the 
deposit is composed largely of fine to medium sand. The steepness of the 
curves indicates that the deposit is well sorted. A comparison of the graphs 
in figure I I 1-7 with the position of the bore holes in figure III-S indicates 
that the sand immediately above the clay in bore holes BH 12 and BH 20, west 
and southwest of the Wilbur Spring ravine, is coarser than that fro
 bore 
holes BH 14 and BH 19, east and south of the ravine. 


Wherever vertical sections of the sand deposit are exposed in the area 
the surface is slumped to such an extent that details of the stratification 
are no longer apparent. However, fresh exposures of surficial sandr in the 
vicinity of the city of Albany that are known to have been depositeo in 
lake Albany show horizontal stratification. The individual strata nre 
generally a small fraction of an inch to about an inch thick and cor
sist of 
alternating layers of silty fine sand and medium to coarse sand. It is 
assumed that the surficial sand deposit in the vicinity of the park is 
similarly stratified. This assumption is indirectly substantiated t
y the 
pumping-test data discussed in a following section. As the sand sa
oles for 
which sieve analyses were made (fig. I I 1-7) were obtained from an auger it 
is likely that each sample represents a mixture of several of the finer- 
grained and several of the coarser-grained layers. 


Occurrence of ground water .--The surficial sand deposit appearr to be 
the on l y i mportant aqu if er i n the unconsolidated deposits in the arr.a. Water 
occurs in this deposit under water-table conditions. The sole sourr.e of 
recharge to the aquifer is precipitation. However, only a part of the pre- 
cipitation reaches the water table. Most of the precipitation that falls 
during the growing season is returned to the atmosphere by evaporation and 
by the transpiration of plants. Part of the precipitation falling ouring 
the winter is returned to the atmosphere by evaporation or by subli

tion 
from snow and ice, and a part runs off over the surface during periods when 
the ground is frozen. The water that reaches the water-table moves under 
the influence of gravity to areas of discharge such as streams, springs, and 
seeps along valley sides. 


Changes in the rates of recharge to and discharge from the sano deposit 
are reflected by the water-level measurements made in wells Sa 106S-Sa 1069 
(bore holes BH 13, BH 14, BH 18, BH 19, and BH 22). The water levels in 
these wells are shown graphically in figure 111-8 together with monthly 
precipitatian at Mechanicville. As can be seen from the graphs, thr. water 
level in well Sa 1069 fluctuated through a range of about 3 feet from August 
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1958 to December 1959. The water level in Sa 1065, closest well to the main 
point of discharge, springhead Sa 51aSp on the Wilbur Spring ravine, 
fluctuated only about I foot during the same period. The graphs also sh1W 
that recharge to the aquifer, as reflected by an upturn in water levels, 
occurred intermittently from November 1958 to March 1959. Between March 
and May considerable recharge occurred, part of which was derived from 
melting snow and part from precipitation. 


That many factors, in addition to precipitation, affect the water 
levels in wells is even more clearly illustrated in figure 111-9. This 
figure shows the daily highest water level in well Sa 1072 obtained from an 
automatic recording gage, the daily maximum and minimum temperature at 
Saratoga Springs, daily precipitation at Hechanicville, and the water 
equivalent of snow on the ground at the Albany Airport. It may be seen that 
precipitation from August to the middle of November had little, if any, 
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Figure II 1-8.--Graphs of the flow from the springs at the head of 
Wilbur Spring ravine, water levels in observation 
wells, and monthly precipitation at Mechanicville. 
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effect on water levels. Freezing temperatures first occurred at Saratoga 
Springs in mid-September. However, because the northeastern corner of the 
park is about 125 feet lower than the weather station at Saratoga and is 
affected also to some extent by the warming effect of the Hudson River, it 
appears likely that temperatures at the park were not low enough in mid- 
September to stop plant growth. A review of temperature records at the 
Albany Airport during the period of missing record at Saratoga Springs (from 
September 24 to October 13) suggest that the first killing frost did not 
occur at the park until about October 19. Thus, during the period from 
August to mid-October the precipitation was utilized in plant growth or was 
evaporated. Precipitation after plant growth stopped in October and until 
the water level in well Sa 1072 started to rise in mid-November was either 
utilized in replenishing soil moisture or was evaporated. Precipitation 
from mid-November to mid-January caused substantial rises in the water table. 
Some of the precipitation during this-period was in the form of snow which, 
however, did not remain on the ground long because temperatures during the 
day were generally above freezing. Except for the thaw in mid-Febru
ry, 
recharge was negligible from mid-January until the onset of warmer tempera- 
tures in late March. Heavy rains in late March and early April provided 
substantial recharge to the sand deposit. 


A map of the water table in the vicinity of the Wilbur Spring ravine, 
based on measurements made during the test-boring program in August 1959, 
is shown in figure 111-10. The water table, which represents the to
 of the 
zone of saturation, ranges in altitude from less than 210 feet adjacent to 
the Wilbur Spring ravine to more than 220 feet in the vicinity of bore hole 
BH 20. The thickness of the zone of saturation in the surficial sand 
deposit in the vicinity of the Wilbur Spring ravine, as determined frbm 
measurements made in August 1958, is also shown in figure I 11-10. T"
 area 
of the thickest sections of saturated sand coincides with the area where 
the sand deposit itself is thickest in the vicinity of well Sa 1067. (See 
figures 111-5 and 111-6.) 


Figure 111-10 indicates that most of the water in the deposit in the 
area contoured on the figure is moving toward the Wilbur Spring ravine. 
Discharge into the ravine takes place principally through three distinct 
springheads designated Sa 51aSp, Sa 51bSp, and Sa 51cSp. Some disch
rge 
occurs also along a relatively continuous seepage line at the outcrop of the 
sand-clay contact in the ravine. Figure 111-11 contains a profile of the 
ravine showing the position of the sand-clay contact and the positio
 of the 
different springheads. The discharge of the springheads and the total 
flow from the ravine in May 1958 also are shown on the profile. Discharge 
from springheads Sa 51aSp and Sa 51bSp were measured from January to 
November 1959 at a weir constructed across the stream channel 10 feet down- 
stream from the point where the waters issuing from the two springhe
ds 
join. Except for two measurements in March 1959 that included overland run- 
off, the flow at the weir has remained fairly constant at 25-30 gpm 
(fig. 111-8). The total flow from the Wilbur Spring ravine, including the 
flow of the springheads and seepage, was about 50 gpm on Hay 15, 1958. A 
second measurement of the flow from the ravine made on October 15 s
owed a 
discharge of about 35 gpm. Although these measurements are accurate to only 
about t5 gpm they indicate that there is a decrease in flow along t

 entire, 
length of the ravine between May and October. That there is no appreciable 
decrease in flow from springheads Sa 51aSp and Sa 51bSp indicated t

t the 
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Figure I II-IO.--Hap showing the location of springheads on the Dakota 
Spring and the Wilbur Spring ravines and the water 
table and thickness of saturated sand in 
the vicinity of Wilbur Spring ravine. 
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principal reduction in streamflow results from a decrease in seepage alon
 
the valley sides. Discharge, temperature, and other data for selected 
springs in the area, including those along the Wilbur Spring ravine, are 
contained in table 111-3. 


Discharge from the segment of the sand deposit which is situated north 
of the park boundary (fig. 1-3) occurs principally at the Dakota Spring 
ravine. Discharge into this ravine takes place from four major springheacs 
which have developed along the sand-clay contact in a manner similar to tr
 
Wilbur Spring ravine (fig. 111-11). 


During the period from May to October 1958, the flow from the ravine 
ranged from a high of about 60 gpm in May to a low of about 50 gpm in 
September. Measurements of flow from the ravine included in table 111-3 
indicate a decrease in flow during the dry summer of 1959. However, the 
flow remains substantial even during dry periods and is readily accessible. 
through a tile pipe (fig. 111-11). Many of the local residents use water 
from the spring during dry periods when the yield of their wells becomes 
inadequate. 


Deposits of the Hudson River Valley 


Description .--Except where bedrock crops out in a few places, the 
valley o f t h e H udson River is underlain by unconsolidated deposits. These. 
deposits range in thickness from zero at outcrops, such as that at Bemis 
He.i ghts, to mo re than 100 fee t at we 11 Sa 1041. 1 nforma t i on obta i ned f rOO' 
five wells indicates that the deposits consist largely of sand and silt. 
Thin layers of coarse sand and gravel appear to be irregularly distributee 
through the deposits. Most of the deposits are believed to have been laic 
down in lake Albany and thus are late Pleistocene in age. The deposits i
 
the valley are treated separately from the other stratified deposits of 
Pleistocene age because little is known about their character and thickness. 
The uppermost deposits are sand, silt, and clay (together termed "alluviun,lI) 
that have been deposited by the river in Recent time. 


Occurrence of ground water .--Five of the wells shown in figure 111-1 
are known to d raw water f rom t h e unconsolidated deposits that underlie the 
flood plain of the Hudson River. Where these deposits consist of sand or 
sand and gravel in direct contact with the Hudson River they are probably 
capable of supplying large quantities of water to wells. The yield of 
well Sa 1041 is reportedly 60 gpm. Yields of the other wells are not kn

 
but are probably less than 15 gpm. 


Chemical Quality of Water 


Table 111-1 contains 6 analyses of water from sand deposits mantling 
the lower terrace and 2 analyses of water from till. Five of the former 
were of water from Wilbur and Dakota Springs and one was from a shallow 
well located about 450 feet southwest of the head of Wilbur Spring ravine. 
These six samples indicate that water from surficial sand deposits contai
s 
much less dissolved solids than water from bedrock. (See analyses of water 
from spring Sa 51aSp and from wells Sa 827-Sa 829, figure 111-4.) The tw
 
samples of water from till do not permit characterization of water from 
that deposit. 
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QUANTITATIVE STUDIES 


The investigation did not indicate the presence of any source of large 
ground-water supplies. Measurements of the discharge from the Dakota and 
Wilbur Spring ravines indicated that the sand deposit supplying the springs 
was the most productive aquifer in the area. However, as the deposit is 
relatively thin (generally less than 20 feet thick) and fine grained, it is 
apparent that the development of moderate quantities of water from it 
presents certain problems. Chief among these are (I) practical and econo- 
mical methods for constructing and developing supply wells, and (2) the 
perennial rate at which such wells can be pumped. To answer these questions 
test wells were constructed in July and August 1959 in the vicinity of the 
Wilbur Spring ravine and, following the construction of the wells, a pum
ing 
test was conducted to determine the water-bearing characteristics of the 
deposit. 


Construction of Test Wells 


As the greatest known thickness of saturated sand in the park is in 
the vicinity of well Sa 1067 (fig. 111-10), about 400 feet southwest of the 
head of Wilbur Spring ravine, that area was chosen as the site for the test 
wells and pumping test. 


The wells constructed 
or the pumping test consisted of a pumping 
well (Sa 1077) and 12 observation wells. The observation wells are located 
along lines to the north and east of the pumping well. The position of the 
test wells with respect to each other and with respect to well Sa 1067 a
d 
the other wells that were installed in August 1958 are shown in the inset 
in figure 111-12. As can be seen from the figure, two wells were constr'lcted 
at several of the sites. At these sites, one well was screened near the 
bottom of the aquifer and the other near the top. The purpose of the du
1 
wells at these sites was to determine the differences, if any, in drawda
n 
between the top and bottom of the aquifer during the pumping test. 


Several methods were used in the construction of the wells. Well 
Sa 1072 is 6 inches in diameter and was drilled by the cable-tool method. 
The well is finished with a 30-gauze drive point 3 feet in length and 2 
inches in diameter imbedded in a coarse sand pack. The other wells that 
extend to the bottom of the aquifer, wells Sa 1073-Sa 1078, were constructed 
by jetting a hole to the desired depth with a I-!-inch diameter pipe thror,lgh 
which water was pumped under high pressure. A line of 2-inch casing, 
equipped with a 60-gauze screened drive point 3 feet in length (screened 
area 2 feet in length), was lowered down the hole at about the same rate as 
the hole was excavated by the jet pipe. The bottom of the drive point in 
these wells is from I to 2 feet above the clay layer. 
The wells that terminate in the top part of the aquifer, Sa 1079-Sa 1084, 
were constructed by driving a line of I*-inch casing equipped with a 60-
auze 
screened drive point 3 feet in length (screened area 2 feet in length) to a 
depth of 2 to 3 feet below the water table. 


In order to develop the observation wells to the point that they would 
be fully r
sponsive to changes in water level in the aquifer, water was 
pumped under pressure into all'wells except Sa 1072. Next, water was 
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pumped from the wells until it 
ecame clear. Several of the test wells 
constructed by the jetting method were test-pumped at a rate as high as 
35 gpm for periods as long as 30 minutes. 


The pumping well, well Sa 1077, was constructed by the jetting method. 
The well is 2 inches in diameter and is equipped wi th a drive point havir'!, 
a screened area 5.5 feet long of 60 gauze. The well is 24.1 feet deep, and 
the bottom of the screen is about 2 feet above the clay layer. 


Figure 111-12 is a section through the wells showing the relative 
position of the screens, the water table, and the bottom of the aquifer. 


Pumping Test of August 10-13, 1959 


The withdrawal of water from an aquifer causes water levels to decline 
in the vicinity of the point of withdrawal. As a result of this decline, 
the water table in the vicinity of the well assumes the approximate sha
 
of an inverted cone having its apex at the well. The size, shape, and r
te 
of growth of this "cone of depression ll depend on several factors. Among 
these are: (1) the water-transmitting and water-storing capacities of tl'
 
aquifer, (2) the rate and duration of pumping, (3) the increase in recharge 
resulting from the decline in water levels, and (4) the amount of natural 
discharge salvaged by the pumping. The distance that water levels are 
I owe red a t any po i n t by t he pump i ng i s te rmed lid rawdown. II The d rawdown i s 
more or less proportional to the pumping rate. 


To determine the water-bearing characteristics of the sand deposit, 
well Sa 1077 was pumped at a constant rate of 17.2 gpm for 47 hours and 38 
minutes, from 10:47 a. m., August II, to 10:25 a. m., August 13, 1959. -he 
water pumped during the test was discharged into the Wilbur Spring ravin
 
through a pipeline approximately 475 feet long. This was done to prevent 
the water pumped from the well from recharging the aquifer. The extent to 
which the pumping lowered the water levels in the aquifer was determined 
from measurements in the observation wells. A continuous record of the 
water level in well Sa 1072 was obtained with an automatic recording gagr. 
installed on the well. Figure 111-13 shows water-level measurements for 
selected wells before, during, and after the pumping test. Drawdowns after 
47 hours of pumping ranged from about 1.0 foot in well Sa 1072, IS feet 
north of the pumping well, to about 0.3 foot in well Sa 1078,90 feet north 
of the pumping well. 


Analysis of Data 


The drawdowns produced by the pumping were analyzed to determine thr. 
transmissibility and the storage coefficient of the sand deposit. The 
transmissibility is a measure of the ability of an aquifer to transmit wrter 
and is expressed in gallons per day per foot. In effect it is equal to the 
permeability multiplied by the saturated thickness of the aquifer. The 
storage coefficient is the quantity of water in cubic feet released from 
storage in a vertical column of the aquifer having a base of J foot squa..e 
when the water level in the aquifer is lowered I foot. The coefficient 
f 
storage is expressed as a dimensionless fraction. 
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Figure 111-13.--Hydrographs of the pumping well and selected observation 
we11s in the vicinity of the Wi1bur Spring ravine 
showing response of the water level during the pumping 
test of August 11-13, 1959. (We11 Sa 1077 was pumped 
at a rate of 17.2 gpm from 10:47 a. m., August 11 to 
10:25 a. m., August 13.) 
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Before analyzing the water-level data collected during the pumping 
test it was necessary to correct for the seasonal decline of the water 
table. This decline is apparent in both figure 111-8 and figure 111-13. 
The decline was determined to be approximately 0.02 foot per day at the 
pumping-test site. The water-level data were also corrected for the 
decrease in the saturated thickness of the aquifer during the pumping test 
using a method devised by Jacob (1944). The amount subtracted from the 
drawdown because of dewatering of the aquifer was determined by Jacob to 
be equal to s2/2m; where liS" is the drawdown and "m" is the saturated 
thickness. The magnitude of the corrections for seasonal decline and de- 
watering may be illustrated with data from well Sa 1072, which is open to 
the bottom of the aquifer 15 feet north of the pumping well. The uncorrec. 
ted drawdown after 2,825 minutes of pumping was 0.97 foot. After correction 
for seasonal decline (0.04 foot) and dewatering of the aquifer (0.03 foot) 
the actual drawdown produced by the pumping was determined to be 0.90 foot. 


Prior to the test, it was anticipated that the drawdown data would 
also have to be corrected.for the effect of partial penetration of the 
pumping well. The pumping well, Sa 1077, was screened through approxim
tely 
the lower third of the aquifer, from 2 feet to 7 feet above the bottom of 
the aquifer (fig. 111-12). As a result, observation wells screened in the 
lower part of the aquifer were expected to show greater drawdowns than the 
wells screened in the upper part. For an isotropic aquifer (an aquifer 
that has the same permeability in all directions) the differences in draw- 
down between top and bottom are negligible at a distance from the pumping 
well equal to twice the thickness of the aquifer. (See Huskat, 1946, 
p. 271.) The effect of partial penetration in a stratified aquifer such 
as that in the park will extend to a distance considerably greater than 
twice the thickness. Observations of drawdowns during the pumping test 
showed that during the early part of the test drawdowns in the shallow 
wells lagged behind those in the deeper wells as expected (fig. 111-13). 
However, as the test proceeded the drawdowns converged and at the end of 
the test they were essentially the same in both the bottom and the top of 
the aquifer in all wells except those IS feet from the pumping well and 
closer. Thus, it was not possible to correct the drawdowns for the effects 
of partial penetration. 


The gradual convergence of the water levels in the top and bottom of 
the aquifer is an anomalous situation. It is suspected that the ex- 
planation is to be found in the method used in constructing the deeper 
wells. During the process of jetting these wells, the finer particles 
were doubtless removed for some distance around the wells leaving an en- 
velope of coarse sand around the wells. As a result, the deeper observation 
wells responded as though they were screened throughout the entire saturated 
thickness of the aquifer. A further study of the effects of partial 
penetration was made on April 29, 1960, during a " s tep-drawdown test ll w

se 
primary purpose was to examine well losses. The results of this test 
indicate that the explanation suggested.above is correct. Details of the 
step-drawdown test will be given in a later section. 


The coefficients of transmissibility and storage were determined by 
analyzing the drawdowns using a method devised by Theis and described by 
Wenzel (1942, p. 87-90). The method involves the following formula which 
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re1ates the drawdowns in the vicinity of a discharging well to the rate and 
duration of the discharge: 


5 = 11
.6Q l CD 


e -u 


u 


du = 114.6Q W(u), 
T 


Q= 
t = 


1 .87 r 2 S 
Tt 
s = drawdown, in feet, at any point, 
r = distance, in feet, from pumping we11 to the point at which the 
drawdown is "S," 
discharge of the well, in ga110ns per minute, 
time of pump I ng, in days, requ i red to produce the d rawdown 11r- 11 
at the distance " r ," 
coefficient of transmissibility, in gpd/ft (gallons per day per 
coefficient of storage, a dimension1ess fraction, 
rep1aces the integral expression and is called '
11 function of 
U," and 
natural-10garithm base. 


foot), 


where: 


u = 


T = 
S = 
W(u)= 


e = 


The formu1a is based on certain simplifying assumptions, which inc1ude 
the assumptions that the aquifer is constant in thickness, infinite in areal 
extent, homogeneous, and isotropic (has the same permeability in all 
di rections). 1 t is assumed a1so that there is no recharge to the forl
tion 
or discharge other than that from the one well within the area of influence 
of the well, and that water may enter the we11 throughout the full thickness 
of the aquifer. 
To determine T and S the drawdown in the wel1s is plotted against t/r 2 
on transparent log-10g paper. The resulting curve is a segment of thA "type 
curve ll produced by plotting the log of the exponential integral, W(u), against 
the log of the quantity I/u. The curve of observe
 data is superposerl on the 
type curve and the values of 1/u, W(u), s, and t/r are selected for Any 
convenient match point. These values are inserted in the formulas for "S" 
and " U ," given above, In order to determine the coefficients of trans- 
missibility (T) and storage (S). The method described above is clearly 
illustrated in a paper by Brown (1953, p. 851-858). 
Figure 111-14 is a plot of corrected drawdowns versus t/r 2 for the five 
observation wells screened in the bottom of the aquifer north of the pumping 
well. The drawdowns for well Sa 1072 were obtained by reading the tape of a 
float-actuated recording gage. The drawdowns for all other wells werA 
determined from hand-tape measurements. As a result, the drawdowns in well 
Sa 1072 throughout the test follow a relatively smooth curve whereas the 
drawdowns in the other wells have a considerable scatter which is obviously 
due to small errors in measurement. Only the measurements for wells 
Sa 1067, Sa 1073, Sa 1074, and Sa 1078, which plot to the right of thA type 
curve indicating artesian conditions, are shown in figure 111-14. 


Figure 111-14 shows that the drawdown data and the type curve may be 
matched at two distinctly different positions. The match using the drawdown 
in well Sa 1072 during the first 4 minutes of the test indicates a cOAfftcient 
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of transmissibility of about 7,800 gpd/ft and a coefficient of storage of 
0.007. This low coefficient of storage indicates artesian conditions. 
After approximately 4 
inutes the data for well Sa 1072 began to diverge 
from the type curve. Approximately 800 minutes (13.3 hours) after pumping 
started the data for well Sa 1072 again started to follow a segment of the 
type curve. However, as may be observed from the figure, a match of the 
data with the type curve requires a displacement of the type curve of a 
little more than one log cycle to the right. Substitution of the values of 
W(u), l/u, s, and t/r 2 at the new match point into the formulas for trans- 
missibility and storage results in values of 11,000 gpd/ft for "T" and 0.16 
for liS." The value of the storage coefficient at this match point indicates 
water-table conditions. The preceding discussion is based on the data for 
well Sa 1072. As shown in figure 111-14 the data for the other wells 
generally follow the same pattern as those for well Sa 1072. After ano to 
1,000 minutes of pumping the drawdowns in each of the wells began to follow 
the type curve at the match position indicating water-table conditions. As 
the saturated thickness of the aquifer at well Sa 1077 was approximately 16 
feet at the time of the test, the permeability of the sand deposit (TIm) is 
about 700 gpd/ft 2 . The data indicate that the character of the deposit is 
similar throughout the park and vicinity. Thus, it appears the yield of 
wells drawing from the deposit in the area can be predicted within reason- 
able limits by using the appropriate formulas and by assuming the trans- 
missibility is equal to the saturated thickness multiplied by 700 and the 
storage coefficient is 0.16. 


In summary, during the first 4 minutes of the test the aquifer responded 
as an artesian aquifer. This response is doubtless the result of the 
stratification of the aquifer--that is, the alternation in the aquifer of 
thin horizontal layers of silty fine sand and somewhat thicker layers of 
medium to coarse sand. As a result of the stratification, the permeability 
in 
 vertical direction is considerably lower than in the horizontal direc- 
tion causing the aquifer to respond initially as though it were artesian. 
From about 4 minutes to about 800 minutes the aquifer went through a trans- 
ition from artesian to water-table conditions. From about 800 minutes to 
the end of the test the aquifer responded as a water-table aquifer. It may 
be noted that methods presently available for the analysis of pumping-test 
data are not applicable during the period of transition from artesian to 
water-table conditions. It may also be noted that the transmissibility 
increased from about 7,800 gpd/ft to 11,000 gpd/ft during the transition 
from artesian to water-table conditions. This increase suggests that during 
the first few minutes of the test all the water being pumped was being 
supplied by the lower 70 percent of the aquifer. 


Observation wells were located both to the north and to the east of the 
pumping well. The wells were constructed along perpendicular lines in order 
to determine if the horizontal permeability varies in different directions. 
Such differences in permeability are not uncommon. Water-level measurements 
made immediately prior to the test (fig. 111-12) show that ground wat
r at 
the pumping-test site was moving almost due north. Thus, the observation 
wells north of the pumping well were located on a line essentially parallel 
to the direction of ground-water flow. Conversely, the wells east of the 
pumping well were located on a line perpendicular to the direction of flow. 
The drawdowns during the test were found to be exactly the same at equiva- 
1 ent d is tances and times to the north and to the eas t of the pump i ng \'

 11 
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indicating that the horizontal permeability is the same in all directions 
within the area encompassed by the observation wells. 


The decrease in drawdown with increasing distance from the pumping 
well is shown in figure I II-IS. The water-level measurements used in the 
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Figure I 11-15.--Graph of drawdowns versus log of distance from 
pumping well. (Measurements of drawdowns were 
made after 2 days of pumping at 17.2 gpm. The 
drawdowns are corrected for seasonal decline 
and dewatering of the aquifer.) 


figure were made a few minutes before the pump was cut off. It may be 
noted that the cone of depression is a straight line on the semi-loga- 
rithmic pa
r used in drawing the figure. Computations of transmissibility 
and storage using formulas devised by Cooper and Jacob (1946, p. 526-534) 
from the Theis equation are also shown -in the figure. As can be seen, tt'
y 
compare favorably with the results obtained using the type curve and Theis 
equation. The drawdown in the formation outside of the pumping well can be 
determined by extending the line representing the cone of depression to the 
vertical line representing the radius of the pumping well. As shown in 
figure I II-IS, this drawdown is 2.7 feet. The drawdown inside the pumpir? 
well, however, was 4.4 feet. The difference of 1.7 feet represents the 
head lost in moving water through the screen into the well. This loss ir 
head is referred to as "screen loss." 


Step-Drawdown Test of April 29, 1960 


Screen losses occur where the screen face, with sand particles clogs'ing 
some of the screen openings, is less permeable than the formation. The 
screen loss in any well varies with the pumping rate. Where the flow 
through the screen is laminar--that is, where the stream lines remain dis- 
tinct from one another--the loss is in direct proportion to the discharge. 
On the other hand, where the flow is turbulent--that is, when the stream 
lines are thoroughly confused through heterogeneous mixing--the screen Ic
s 
varies approximately with the square of the discharge (Rorabaugh, 1953). 
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To determine how the screen losses in a well tapping the sand aquifer 
at the park vary with changing pumping rates a step-drawdown test was con- 
ducted on well Sa 1077 ,on April 29, 1960. The step-drawdown test w
ich 
was developed by Jacob (1947) to determine both screen loss and effective 
well radius, involves pumping a well at three or more rates, preferably in 
even increments, and measuring the drawdown in the pumping well. Because a 
line of observation wells already existed at the site, measurements of draw- 
down were also made in those wells. The use of the measurements simplified 
the analysis of the data. As a side product of the test it was decided to 
reexamine the effects of partial penetration in order to determine ,"hether 
the apparent lack of partial-penetration effects in the test of August 1959 
was due to well construction. Four new observation wells were constructed 
by driving a line of casing equipped with a screened drive point into the 
sand. Wells Sa 1085 and Sa 1086 were driven to the bottom of the aquifer 5 
feet and IS feet, respectively, south of the pumping well, Sa 1077. Wells 
Sa 1087 and Sa 1088 were driven into the top of the aquifer 5 feet and 15 
feet, respectively, west of the pumping well. (The locations of and sections 
through these wells are shown in figure I I 1-12.) 


Well Sa 1077 was pumped at rates of 4.7, 11.2, 19.4, and 20.0 gpm for 
50 minutes at each rate. The maximum quantity of water that the centrifugal 
pump used for the test could pump through the suction and discharge system 
(which consisted of a check valve, I-inch diameter suction pipe, positive 
displacement watermeter, and approximately 100 feet of 2-inch diameter dis- 
charge hose), was 20 gpm. Therefore, in an attempt to increase the discharge 
. the pump was shut off and the watermeter and part of the discharge line were 
disconnected. However, this resulted in an increase of only 1 gpm. Next 
the check valve and drop pipe were removed from the well and the su
tion 
line was attached directly to the well casing. Starting 31 minutes after 
the end of step 4 the well was pumped for 50 minutes at 50 gpm. This is 
designated as step 5 in the following discussion. As no measurements of the 
drawdown in the pumping well were possible during step 5, it is assumed for 
purposes of computation that the pumping level was about at the top of the 
screen, resulting in a drawdown of about 12 feet. 


The drawdowns during the step-drawdown test in the wells tapping the 
bottom of the aquifer are shown in figure 111-16. The lines connecting the 
drawdown in the wells give the drawdown in the formation outside of the 
screen. The drawdown outside the screen is known as "formation 10ss." The 
screen 10ss--that is, the head lost in moving water through the scrr.en--is 
obtained by subtracting the formation loss from the drawdown in the pumping 
well. A summary of the data obtained from the step-drawdown test i
 given 
in table 111-4. 


Figure 111-17 shows a log plot of screen loss versus discharge. As can 
be seen from the plot all steps (except step 5) fall on a straight line. 
This fact suggests a direct relationship between screen loss and di
charge 
through step 4. Such a direct relationship indicates that screen losses for 
discharges up to and including 20 gpm on well Sa 1077 occur under conditions 
of laminar flow. It may be observed that the calculated well loss for step 
5 plots about 2t feet below a continuation of the straight line through 
steps J to 4. Thi s sugges ts that the drawdown in the pump; ng we J I \-'as at 
least 2t feet below the top of the screen during step 5. 
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Figure I 11-16.--Graphs of the drawdowns versus log of distance from 
pumping we11 for the step-drawdown test of April 
29, 1960. (The drawdowns are not corrected for 
dewatering of aquifer.) 


The screen loss at the end of the 2-day pumping test of August 10-13, 
1959, in which we)) Sa 1077 was pumped at 17.2 gpm, was greater at the same 
rate of discharge in 1960 than in 1959. The increase in screen loss may 
indicate compaction of the materials around the well. 
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Table II 1-4.--Results of step-drawdown test of April 29, 1960 


3 


19.4 


2.99 
5.49 


Format ion 
loss 
(fee t) 
0.69 
I .59 
2.87 


Screen loss 
(feet) 
0.53 
1.40 
2.62 


2 


0-50 
50-100 
100-150 


Pumping 
rate 
(g pm) 
4.7 


Total drawdown 
in pumping well 
( feet) 
1 .22 


Step 
no. 


Time in minutes 
since pumping began 


II .2 


4 150-200 20.0 5.80 3.09 2.71 
5 sf 231-277 50 12 J2/ 7 5 
sf A period of 31 minutes elapsed between the end of step 4 and the 
beginning of step 5. Between 6 and 16 minutes after the end 
of step 4 the well was pumped at 21 gpm. 
J2/ Water level is estimated to be at top of well screen. 


As mentioned previously, the step-drawdown test provided a means to 
reexamine the effects of partial penetration. Table 111-5 contains the 
drawdowns in the wells tapping the bottom and the top of the aquifer at 
different distances from the pumping well. The drawdown in the shallow 
well Sa 1087 at a distance of 5 feet was considerably less than the draw- 
down in the equally distant deep well, Sa 1085, throughout the test. 
Similarly, the drawdown in shallow well Sa 1088 at a distance of 15 feet 
was considerably less than the drawdown in equally distant deep well 
Sa 1086 at the end of the test. The difference in drawdown between the 
wells in the bottom and top of the aquifer 15 feet south and west of the 
pump i ng we II was cons i de rab 1 y g rea te r than the d i f fe rence in d rawdO\,tn in 
the wells in the bottom and top of the aquifer 15 feet north of the pump- 
ing well. (Compare wells Sa 1086 and Sa 1088 with Sa 1072 and Sa 1081.) 
The differences in drawdown between these wells clearly show that the 
method of well construction explains why effects of partial penetration 
were not observed during the pumping test of August 1959. No attempt has 
yet been made to analyze the data collected in April 1960 to determine the 
difference in vertical and horizontal permeability. It is probable that 
the full effect of the permeability difference has not yet been observed 
because even in the process of driving a well the stratification of the 
material around the well is disturbed enough to modify the permeability 
immediately around the well. 


Yield of the Sand Deposit 


Because the sand deposit responds as a water-table aquifer after a 
period of several hours of continuous pumping, only the value of trans- 
missibilityof 11,000 gpd/ft and storage coefficient of 0.16 determined for 
water-table conditions are of practical significance. The value of trans- 
missibility indicates that a vertical section of the aquifer I foot wide 
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Figure II 1-17.--Log plot of screen loss versus discharge during 
the step-drawdown test of April 29, 1960. 


wi)) transmit 11,000 gallons of water in one day under a hydraulic gradient 
of I foot per foot. The value for the storage coefficient indicates that a 
vertical column of the aquifer 1 foot square will yield 0.16 cubic feet 
(1.2 gallons) of water when the water table is lowered 1 foot. 


Substituting the transmissibility (T), storage coefficient (S), pum
ing 
rate (Q), and an assumed value for time (t) in the formulas derived from the 
Theis equation by Cooper and Jacob ()946, p. 526-534), it is possible to 
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predict the shape and size of the cone of depression resulting from pumping. 
For example, figure I I 1-18 shows the predicted drawdowns resulting from 
pumping at rates of 10 gpm and 30 gpm continuously for periods of 2 days and 
200 days. The pumping rate of 10 gpm was chosen to show the effect of 
residential use including substantial quantities for lawn irrigation. T"'
 
rate of 30 gpm is based on the anticipated needs at the park and on the 
needs of many small industries and commercial establishments. The perio
 
of 2 days was chosen to show the effect of withdrawals over a weekend. The 
period of 200 days was chosen to show the extent that water levels would be 
lowered during a prolonged period without recharge. Figure 111-18 may b
 
used to determine the drawdowns that would be produced by any number of 
wells pumping at the indicated rates for periods of 2 and 200 days. For 
example, the drawdown 1 foot from the center of each of 2 wells spaced 100 
feet apart after 200 days of pumping at a rate of 30 gPm would be 7.8 feet. 
This drawdown is the sum of the drawdown (5.8 feet) produced at a distance 
of 1 foot from a pumping well by that well and the drawdown (2.0 feet) 
produced at that point by another pumping well 100 feet away. The draw- 
down inside the pumping well depends on the diameter of the screen and the 
"screen loss." The screen losses shown for a pumping well 2 inches in 
diameter were obtained from figure 111-17 on the assumption that screen 
losses are directly proportional to discharge up to a discharge of 30 gpm. 
The screen losses predicted for a 6-inch well (in which the circumference 
of the screen is 3 times that of a 2-inch well) are one third those of a 
2-inch well at the same discharge. Thus a well 2 inches in diameter 
equipped with 5 feet of 60-gauze screen and pumped at a rate of 30 gpm for 
200 days without recharge would have a drawdown or about 13 feet while a 
well 6 inches in diameter also equipped with 5 feet of 60-gauze screen and 
pumping at the same rate for the same period of time would have a drawdo,"" 
of about 8t feet. 


The drawdowns predicted in figure 111-18 are based on the assumption 
that the cone of depression does not reach either a recharging or dis- 
charging boundary (i.e. that all water pumped is drawn from storage in the 
aquifer). However, the cone of depression of a pumping well in the vicinity 
of well Sa 1077 will reach the uppermost springheads on Wilbur Spring 
ravine after about 10 days of pumping and, thereafter, a part of the water 
pumped will be derived from a decrease in the flow of the springs. As a 
result, drawdowns resulting from the pumping will be smaller than those 
predicted by an amount proportional to the quantity of water that is 
salvaged from the springs. discharge. The amount by which the flow of the 
springs will be diminished cannot be predicted but it seems unlikely that 
it will be excessive. 


As most supply wells are operated at the maximum possible rate only 
for short periods of time, it is frequently useful to know how the drawdown 
changes with time. Figure 111-19, also based on formulas by Cooper and 
Jacob (1946), shows the increase in drawdown with time for a well 2 inch
s 
in diameter being pumped at 30 gpm continuously for 200 days during which 
.-,. there is no recharge to the aquifer. The figure shows the various compo- 
nents that contribute to the total drawdown in the pumping well. It may 
be observed that the drawdown reaches 10 feet after pumping at a rate of 
30 gpm for 1.2 days. This is the maximum length of time that the well 
2 inches in diameter could be pumped at a rate of 30 gpm if screened 
through the lower 5 feet of an aquifer having a saturated thickness of 
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(FORMULAS USED I 
2.25 T t x O. I 3 31 
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2..303 Q II 1440 
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Where ro is the distance to the p..,.lnt of 
no drawdown 
T is transmissibility in Ol'd/ft 
(assumed to be 11,000) 
t is time In days 
S is coefficient of storage 
(assumed to be 0..16) 
.tos Is increase in draw down across 
one iag cycle 


Q is discharge in gpm 


The corrections for dewatering WNe based 
onamethod devised by Jacob (1944) 
. s2 
s-s-2iii 
Where s' is the drawdown that woul1 occur in 
a confined aquifer 
s Is the drawdawn in a water-table 
aquifer 
m is the thickness of satura'<!d sand 
(assumed to be 16 feet) 


Figure 111-18.--Graphs of the predicted drawdowns that wou1d be pr
uced 
by a we11 drawing from the sand deposit in Sarat
a 
Natlona1 Historica) Park and vicini ty... (The dra

owns 
have been corrected for dewatering of the aquife,r.) 


16 feet u The we11 cou1d continue to be pumped, however, at a lower rate. 
A 6-inch we1l with the same screen length would probab1y have about 3.5 feet 
Jess drawdown for the same period. (See figure 111-18.) 
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Figure 


111-19.--Graphs showing components of drawdown in a well 2 inche
 
in diameter which is pumped at 30 gpm for a period of 
200 days without recharge. Such a period is probably 
not too uncommon from May to November. Drawdown in a 
pumping well 6 inches in diameter would be about 2.5 
feet less than that shown for a 2-inch well. 


The preceding discussion illustrates how the values of transmissibility 
and storage are utilized in predicting the drawdowns that will result from 
pumping one or more supply wells at any rate for any period of time. Th
 
discussion considers the yield of a well only from the standpoint of the 
water-transmitting and water-storing properties of the aquifer. It does 
not consider the perennial yield of the aquifer. However, in the de vel or- 
ment of a water supply the yield of an aquifer is, in many cases, equall,. 
as important as the yield of a well. The perennial yield of an aquifer is 
ultimately limited to the quantity of water that reaches the aquifer 
naturally plus the quantity that can be induced into the aquifer from s

 
external source, such as a stream or lake. 
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Prior to the withdrawal of water from an aquifer there is a natural 
balance established between recharge and discharge. During periods 
hen 
recharge exceeds discharge, as at the time of the spring thaw, the wcter 
table rises. When discharge exceeds recharge, as during most of the growing 
season, the water table falls. The sand deposit in the northeastern corner 
of the park and the related sand and gravel deposit that underlies Icrge 
areas in the eastern part of the county are recharged by precipitatic
. As 
pointed out in a preceding discussion, precipitation is relatively evenly 
distributed throughout the year. However, the proportion of the precipita- 
tion that reaches the water table varies in response to many factors, 
including air temperature and the amount and rate of precipitation. Studies 
of the factors affecting recharge to the sand deposit have not been 

de 
and, therefore, only a few general statements regarding recharge can be made. 
It is obvious from the hydrographs in figures 111-8 and 111-9 that tr
 sand 
deposit receives recharge intermittently through the winter months wr
n 
losses due to evaporation and transpiration are negligible. The melting of 
the snow cover and thawing of the ground in March and April, before rlant 
growth starts and while evaporation losses are small, result in substantial 
recharge. Relatively little recharge reaches the water table during the 
growing season, from May to October. Long-term records of water-level 
fluctuations in different parts of the State show that occasionally freezing 
of the ground begins in the fall before soil moisture requirements ha'/e been 
satisfied and, thus, before any significant amount of recharge reache
 the 
water table. If the ground remains frozen, the water table continues to 
decline through the winter months until the spring thaw. Thus, in predicting 
the effect of pumping from the aquifer it is not unreasonable to assume that 
there will be periods of 200 days when recharge is insignificant. (S
e 
figures 111-18 and 111-19.) In general, however, it appears probable that 
the recharge to the sand deposit will average from 25 to 40 percent cf the 
total annual precipitation from year to year, depending on climatic c.on- 
ditions. 


During any period when there is no net change in water levels, a
 
during the period from January to August 1959, 
be discharge from the aquifer 
must equal the recharge. Natural discharge from the sand deposit occ.urs 
principally through springs, seepage into streams, and seepage along the 
sides of ravines and, to a lesser extent, through the transpiration cf plants 
that draw from the water table. Thus, measurements of the discharge of 
springs and streams indicate the quantity of recharge less the part used by 
plants and less the part that evaporates upstream from the points at which 
the discharges are measured. The discharge of the two upper springheads on 
the Wilbur Spring ravine was measured periodically from January to Nc"ember 
1959, and found to be between 25 and 30 gpm (fig. 111-8). This represents 
only a part, and probably only a small part, of the total discharge from 
the sand deposit in the northeastern corner of the park. 


Water pumped from the sand deposit, as from any of the aquifers in the 
county, is initially derived from storage. This withdrawal from storage 
causes the water table to decline in the vicinity of the well. The 
'ith- 
drawal of water from storage continues until the cone of depression reaches 
a source of additional recharge or until natural discharge is reduced. The 
possibility of increasing the amount of recharge to the sand deposit both 
in the vicinity of the Wilbur Spring ravine and at most other places in the 
county appears remote because runoff on the deposit is negligible and the 
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deposit is generally above the level of streams and lakes that might serve 
as a source of additional water. Therefore, the water pumped from wells 
must ultimately be balanced by a reduction in natural discharge. With- 
drawals in the vicinity of the Wilbur Spring ravine, for instance, will 
ultimately result in a reduction in the flow from the ravine and a 
reduction in the amount of water that presently seeps from the aquifer in 
the ravine about 400 feet west of well Sa 1065 and along the scarp bord
r- 
ing the flood plain of the Hudson River. The proportion of the pumpage 
that is derived from each point of natural discharge depends on the 
location of the pumping wells. The more distant the wells are from the 
ravine the less the effect on discharge from the ravine. 
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SUMMARY OF GROUND-WATER CONDITIONS IN SARATOGA COUNTY 


Ground water is used extensively in Saratoga County to supply d
mestic 
and farm needs. It is also used by a few commercial establishments and 
small industries. Ground-water supplies in the county are obtained largely 
from wells although a substantial number are still obtained from springs. 
Wells draw water either from bedrock or from unconsolidated deposits over- 
lying bedrock. 


The bedrock underlying the county consists of granite, gneiss, and 
other crystalline igneous and metamorphic rocks in the northwestern and 
north-central parts and shale in the eastern and southern parts. Lying 
between the crystalline rocks to the northwest and the shale to the south- 
east is a relatively narrow belt across the central part of the county 
that is underlain by sandstone, limestone, and dolomite. 


Wells drawing from bedrock are generally cased through the unco,soli- 
dated deposits and are uncased in bedrock. The average yield of bedrock 
wells in the county ranges from about 6 gpm in the crystalline rocks to 
about 31 gpm in the limestone and dolomite (carbonate rocks). Water in 
quantities adequate for domestic needs can be obtained from bedrock in 
most parts of the county from wells that penetrate the rocks to a depth of 
lOa to 200 feet. The greatest difficulty is in obtaining water from the 
crystalline rocks, especially on the higher hills in the northwester, part 
of the county. 


Unconsolidated deposits overlie the bedrock in most parts of th
 
county. The three principal types of deposits are till, clay, and s
nd 
and gravel. In the western and central parts of the county the unco,sol- 
idated deposits consist largely of till, an unsorted mixture of rock 
fragments ranging in size from clay to huge boulders. The till is n
t a 
productive water-bearing deposit. However, in most places it will yield 
sufficient water for small domestic needs to large-diameter dug wells. 


In some of the larger valleys in the western part of the county and 
in much of the eastern part of the county the unconsolidated deposits 
consist of sand and gravel or sand. These deposits are the most pr01uctive 
sources of water in the county. In parts of the stream valleys in the 
central part of the county deposits of sand and gravel will yield more than 
750 gpm to screened wells. The deposits of sand and gravel and sand in the 
eastern part of the county are not generally as productive as the valley 
deposits. However, the sand and gravel deposits are capable of yielding 
50 gpm and more to screened wells in many areas. 


Much of the eastern part of the county is underlain by clay and silt. 
The clay and silt is at the surface in the lower areas and underlies the 
deposits of sand in much of the remainder of the area. Water in usa
le 
quantities cannot be obtained from the clay.and silt. In those areas in 
which clay and silt is the only unconsolidated deposit ground water can be 
obtained only from bedrock wells. 
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